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Another handy Arduino based 
tool to add to your workbench. 


The Environmental Datalogger 
measures temperature, humidity 
and light levels and logs it to 

an SD card with the time of the 
reading. The data is saved as a 
.csv file, opening straight into 

an Excel spreadsheet, for easy 
graphing and analysis. It also 
hosts a minimal web-server, 
allowing the log files to be 
downloaded over Wi-Fi. You can 
customise it to measure and log 
other data, turn it into a weather 
station, see how your home- 
brew beverage is going (how we 
use it), or add GPS to create a 
tracker. No doubt, you will agree, 
it's a really handy project! 


Finished project 


duinotech 


PROJECT OF THE MONTH 


Our very own specialist's are developing fun and challenging 
Arduino®-compatible projects for you to build every month, 
with special prices exclusive to Nerd Perks Club Members. 
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XC-4536 Adapter 
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XC-4520 


XC-4446 


WC-6026 


WHAT YOU WILL NEED: 
VALUED AT $119.50 


WIFI SHIELD XC-4614 $34.95 


SEE STEP-BY-STEP INSTRUCTIONS AT NERD PERKS CLUB OFFER UNO MAIN BOARD XC-4410 $29.95 


jaycar.com.au/wifi-datalogger 


BUY ALL FOR DATALOGGING SHIELD XC-4536 $19.95 


2GB MICRO SD CARD WITH SD CARD ADAPTOR — XC-4998 $11.95 


$8 g 95 TEMPERATURE AND HUMIDITY SENSOR MODULE XC-4520 $9.95 


PHOTOSENSITIVE LDR MODULE XC-4446 $5.95 


SAVE OVER 24% SOCKET-SOCKET JUMPER LEADS WC-6026 $5.95 
HEADER TERMINAL STRIP HM-3211 85¢ 


ADD THESE TO CUSTOMISE IT 


y vd // 


dig. 
Ei: | | 3 
— — é | $995 | e: 
| $495 | Ly l g 
| F ES ALCOHOL = 
SENSOR MODULE 
SOI MOISTURE E ARDUINO® COMPATIBLE XC-4540 


s Detect alcohol, smoke and other volatile 
ARDUINO COMPATIBLE XC-4604 » substances. Check for gas leaks, use it as 
Automate your garden with Arduino® and ^ a smoke detector, or even track how your 
use this module to detect when your plants home brew is going. 


need watering. * Adjustable sensitivity 


* Analog output e 50(L) x 20(W) x 13(H)mm 
* Measures 20mm x 60mm 


See more sensor modules in-store or online. g 


NERD PERKS CLUB MEMBERS RECEIVE: 


10% OFF ALL SOLDER ROLLS" 


*Applies only to solder listed on page 7 of the VOR Ne a 
Jaycar Test, Measure & Make November 2016 flyer. 


Catalogue Sale 24 October - 23 November, 2016 


PROTECT YOUR PROJECT 


IP65 SEALED ABS ENCLOSURES 
Designed to IP65 of IEC529 and NEMS 4 
* Internal guide slots for mounting PCB assemblies vertically 
64X58X35MM — HB-6120 $5.95 
115X65X55MM  HB-6124 $9.95 
171 X 121 X 55MM HB-6128 $17.95 
222 X 146 X 75MM HB-6132 $28.95 
240 X 160 X 90MM HB-6134 $37.95 
Full range available 
in-store or online. 
FROM | À 
$595 | 


_ as Flanged versions also available. 


6 7 EARN A POINT FOR EVERY DOLLAR SPENT 
KS AT ANY JAYCAR COMPANY STORE’ & BE 


REWARDED WITH A $25 JAYCOINS GIFT 
CARD ONCE YOU REACH 500 POINTS! 
"Conditions apply. See website for T&Cs 


Jaycar BEES — accisten ONLINE TODAY BY VISITING: 
www. jaycar.com.au/nerdperks 


To order phone 1800 022 888 or visit www.jaycar.com.au 


TES NOSE: November2016 


16 Airbags: Your Car’s Explosive Guardian Angels 
Most new cars sold in Australia have six or more airbags, ready to explode 
into action if a crash is detected. Here’s a look at how they were developed 
and how they work — by Dr David Maddison 


26 What Is The Internet Of Things (loT)? 


Ask most people what is meant by “The Internet of Things” or loT and you'll get 
a blank look. It's the same with "LoRa". So what do these terms mean and why 
are they becoming increasingly important? — by Ross Tester 


58 Micromite Plus Advanced Programming 
The Micromite Plus has important new programming features such as SD card 
support and a graphical user interface application library, making it easier than 
ever to develop an interactive touchscreen control panel — by Geoff Graham 


88 Review: Siglent SDS2104 4x100MHz Mixed Signal Scope 


Siglent's SDS2104 mixed-signal oscilloscope isn't their newest but with optional 
extras now included free of charge, it's great value for money — by Jim Rowe 
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32 50A Battery Charger Controller 


If you have an RV, caravan or campervan, you'll be well aware of the problems 
when it comes to charging your 12/24V batteries. This charger controller will 
allow you to charge them in a fraction of the normal time — by John Clarke 


46 Passive Line To Phono Input Converter 
Need additional line inputs on an amplifier or mixer? This passive converter 
circuit lets you use the phono inputs normally reserved for a turntable as a pair 
of line-level inputs — by Nicholas Vinen & Bao Smith 


64 Micromite Plus LCD BackPack Micromite Plus LCD BackPack — 
This new version runs 2.5 times faster than the original. It also has more RAM, Page 64. 
more flash memory, on-board SD and microSD card and USB interfaces, and 
mounts on the back of a 2.8-inch touchscreen LCD — by Nicholas Vinen 


74 WiFi Switch Control Using A Raspberry Pi & Smartphone 
Check your garage doors via a web browser by installing a WiFi camera, then 
bake your Raspberry Pi with a smartphone and a relay board to open or close 
the doors remotely — by Greg Swain & Nicholas Vinen 
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40 Serviceman's Log 
Odd happenings in my new house — by Dave Thompson 


82 Circuit Notebook 
(1) Simple Split Supply Generator; (2) Precision Switched Capacitor DAC 
Needs No Precision Components; (3) PICAXE-Based Data Logger 


94 Vintage Radio 
The incredible shrinking mantel set: GE's T2105 — by lan Batty 


D e D P t men t $ Note: due to space restrictions, Pt.2 


50A Battery Charger Controller — 
Page 32. 


Passive Line To Phono 
Input Converter — Page 46. 


Using Your; Raspberry Pi With 
A Smartphone As A WiFi- 
Controlled Switch — Page 74 
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Publisher's Letter 


Renewable energy is seriously 
damaging the Australian economy 


No doubt most readers know about the state-wide 
blackout that occurred in South Australia in September. 
Let me summarise what happened. It seems that the 
wind blew just a bit too hard for their much-vaunted 
wind turbines and they all automatically feathered their 
blades to stop self-destruction. Up to that point, the 
wind turbines had been pumping out power at a huge 
rate and their sudden throwing in the towel meant that 
the power shortfall had to come from somewhere else. Since South Australia 
no longer has proper base-load power stations, it had to come from Victoria via 
the fabled "interconnector". But the load was too much for it and it suddenly 
became the "disconnector". Everything else fell in a heap after that. 

Of course, after the blackout occurred, a bunch of their spindly transmission 
towers then blew over and that did not make the job of restoring power any 
easier. It is only now that people are starting to realise that you actually need 
a powered grid to allow wind farms to generate power. They cannot simply 
start up on their own! In that way, they are exactly like the tens of thousands 
of grid-tied solar systems installed right throughout Australia. As their own- 
ers are painfully aware, if you have a blackout, your shiny solar panels and 
inverters are prevented from generating power by the “anti-islanding” feature. 

Actually, given the serious difficulties involved, it is incredible just how 
quickly the energy distributors managed to reconnect power to most of the 
population. But it could all happen again, any time the wind blows at more 
than about 90km/h, which is not much more than a stiff gale. 

So I wonder if many people died in their home during that blackout because 
their life support system stopped? How many hundreds of millions of dollars 
of production were lost? When you take into account the serious disruption 
to blast furnaces at Whyalla and Port Pirie and the interruption to production 
at mines at Olympic Dam and elsewhere, it might run to a lot more. 

This problem ofthe intermittency of wind and solar power and the need for 
expensive backup generation has been well-documented in the past. In fact, 
not only do South Australian electricity consumers pay the highest rates in 
the country, the cost for their peak power (when the wind stops) has risen as 
high as $14000 per megawatt! And while the South Australian government 
politicians like to boast that their state has the highest proportion of power 
generated by renewables, ultimately they rely on Victoria's dirty brown coal 
power stations in the Latrobe Valley, via the interconnector/disconnector. How 
much longer can that happen, since Victoria seems to be heading down the 
same "renewable" energy dead end? 

Finally, just in case anyone thinks that South Australia was subjected to a 
really severe weather event, just consider that when Cyclone Yasi hit Queens- 
land in 2011, it did not black out the whole state — far from it. Even during 
that severe event, the disruption to the State's grid was relatively modest. And 
more recently, consider Cyclone Matthew which just ravaged Haiti, Florida and 
some of the southern United States. Florida was not *blacked out" although 
about 2.2 million homes and business were blacked out for a short period. 

I am actually optimistic about the outcome of this South Australian calam- 
ity. It should make all Australians aware that this religious crusade to produce 
more and more renewable energy will not just cost all taxpayers and electricity 
consumers lots of money if we keep going as we are. It will mean loss of em- 
ployment to untold thousands of people as businesses realise that Australia is 
not a good place to operate. Let us hope that sanity will be restored. 


Leo Simpson 
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Best in Class: 


*AspenCore's 11th Design Engineer and Supplier Interface Study gathered 
information from engineers regarding their need for product information and other 
services, as well as how and when they interface with suppliers and how they see the 
quality and value of that interface. 1,750 U.S. engineers participated in this year's 
web-based survey. The results represent those surveys completed by April 2016. 


When asked "Best in Class for Data & Product Selection Support?" 


The chart to the left shows the results among the industry's 
electronic component distributors. 
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~ DIGIKEY.COM.AU -DIGIKEY.CO.NZ —— BJ ELECTRONIC 
^ 4800285719  800449837- 


5 MILLION PARTS ONLINE | 650+ INDUSTRY-LEADING SUPPLIERS | 100% AUTHORIZED DISTRIBUTOR 


**All orders are shipped via UPS for delivery within 3-4 days (dependent on final destination). No handling fees. Australia: Free shipping on orders over $200 AUD. All prices are in Australian dollar. 
New Zealand: Free shipping on orders over NZ$125. All prices are in New Zealand dollar. If excessive weight or unique circumstances require deviation from this charge, customers will be contacted 
prior to shipping order. Digi-Key is an authorized distributor for all supplier partners. New product added daily. O 2016 Digi-Key Electronics, 701 Brooks Ave. South, Thief River Falls, MN 56701, USA 


“Setting the standard for Quality & Value” 


: Sheet Metal Step 
HSS Countersink Drill Set 


Set 


* HSS M2 Bright Finish 
* Range: O2 - 920mm 


* HSS M? bright finish 
* For drilling holes 
in thin material 


* Angle 45* e Sizes: 4-12mm x 1mm, 
6-20mm x 2mm, 6-30mm 
x 2mm 
878-65 (01051) 896-75 (01071) 


HSS Industrial DTE 
Centre Drill Set 
* 5 piece set 
*No.1,2,3,4,5 


* HSS M2 bright finish 
E * industrial quality 


HSS Industrial Slot 
Drill Set - Metric 


* 5 piece set 

* 6, 8, 10, 12, 16mm 

* Manufactured from HSS 
M35 5% Co bright finish 
screwed shank 

* Two flute 


547-30 (0508) 54-07-80 (M3351) 


HSS Jobber 
Drill Set 


* HSS precision 
ground flutés 

* @1.0~910mm in 
0.5mm increments 

* 10 drills per size up 
to 8mm then 5 per size 


Hole Saw Set 
General Set 


* M42 Bi-Metal high 
speed steel 

* 19, 22, 25, 32, 35, 38, 
44, 51, 57, 64, 76mm 

* Includes 3/8" & 1/2" 
arbor shank & pilot drill 


? ry 
*228-80 (D126) av, $132 (0102) 


Tap and Die Set. 
Alloy Steel 
e Metric fine & coarse set (El 
* M6 - M24 thread range 


* includes die holder & 
2 x tap wrenches 


54-80-40 (1014) 


AC-60 - 90 degree 
Angle Vice Clamp 
* 60mm jaw opening 
* 35mm jaw height 


* Cast iron clamp 
e Self aligning clamp 


Staff Member 


5998-50 (vo99) 


UNIQUE PROMO CODE 


SC2710 
ONLINE OR INSTORE! 


www.machineryhouse.com.au/signup 


Precision 
Jobber Drill Set 


* Precision ground flutes 
* HSS M2 bright finish 
* 25 Piece Metric 
* Range: 1-13mm 
* 0.5mm increments 


51-07-80 (01272) 


HSS Industrial End 
Mill Set - Metric 


e 5 piece set 

*6, 8, 10, 12, 16mm 

* Manufactured from HSS 
M35 5% Co bright finish 
screwed shank 

* Four flute 


" * 
53-07-80 (M3352) e 


Metric & Imperial Drill 
Gauge 


e Stainless steel 
1 - 13mm 
* 1/16 - 1/2" 


548-45 (M88) 


Tap and Die Set. 
Alloy Steel 


* Imperial fine & 
coarse set 
e 1/4"-1" thread range ES 


e Includes die holder & Sa ` 
2 x tap wrenches COL ONE 


antt 
SF 
-—— = oar — cen 

54-80-40 (T015) 


Compound Drill Vice 


* 105mm jaw width 

* 0.1mm graduation on dials 
* Ground vice jaws 
* Adjustable slides 


$492 (v1204) 


fr, A family 
N owned 
\. Australian 


P N business 


gstablished 193, 


Precision Jobber 
Drill Set 


* Precision ground flutes 
* HSS M2 bright finish 
* 29 Piece Imperial 

* Range: 1/16 - 1/2" 
* 1/64" increments 


53-14-95 (01282) 


Metric Industrial 
End Mill Set 


* 4 piece set 

*6, 8, 10, 12mm 

* Manufactured from micro 
fine solid carbide 

* Bright Finish 

* Plain Shank 


5204-60 (M337) 


EDBD-13 
Drill Sharpener 
* 3-13mm or 1/8"-1/2" 
* CBN grinding wheel 


* Split point 
* 80W, 240V motor 


(Uo xm 


$449.99 (0070) 


Tap and Die Set 


*21 Taps coarse threads 

* M3x0.5, M4x0.7, [ ur a 
M5x0.8, M6x1.0, 
M8x1.25, M10x1.5, 
M12x1.75 

* / Dies x 1" 


$456.26 (1013) 


Compound Drill Vice 


* 125mm jaw width 
* 0.1mm graduation on dials 
* Ground vice jaws 
* Adjustable slides 


F 


8204-68 (v1205) 


v/ PAPERLESS WARRANTY \/ ONLINE PROMOS 
V TRACK YOUR ORDERS ~ CLICK & COLLECT 


V EXCLUSIVE OFFERS 
@ V LATEST RELEASES 


COMPETITIONS 
V NEWSLETTERS 


VIEW AND PURCHASE THESE ITEMS ONLINE AT 
www.machineryhouse.com.au/SC2710 


THE INDUSTRY $ CHOICE! 


HL-36FF Fluorescent 
Work Light die yr 
e 36 Watts, 240V 

* Double lamp tubes 

* Head swivels 310° & tilts 210 

* Dust proof light head 


5492-56 (12825) 


Keyway Broach Set - Metric 


* 4, 5, 6, 8mm 
* Manufactured 


from HSS &e€err; 
e Includes broaches, Stemme $ i 
brushed & 


packing shims Q € ttr 


$54-4-50 (M498) 


Drill Chuck Arbors 


e Short taper JT3 
* Suits 16mm chuck size 


* Precision ground 
el mmm 
Long Taper 
2MT $377.05  (D442A) 
3MT $22.90  (D443A) 
4MT 630-25  (D454A) 
Calipers A Q 
e Hardened n f 
spring & legs = baag i: 
e Polished finish | | | A 
Type 
Divider $44.30 (0634) 
Inside 844-39 (Q635) 
Outside 544-30 (Q636) 


4 Piece Measuring Kit 


*0 - 25mm Micrometer 

* 150mm / 6" Rule 

* 150mm / 6" Vernier 

* 100 x 70mm 
Square 


554-45 (M012) 


SYDNEY 
(02) 9890 9111 


1/2 Windsor Rd, 
Northmead 


HL-22FR Fluorescent 
Work Light 


* 22W fluorescent tube 

* Swivel & ag 
pivoting arm 

* Includes 
magnified lens 

* 240V / 10amp 


5484-50 (L282) 


Steel Rules 


SIZE 

150mm 5-45 (Q620) 
300mm "13 §+5-95 (Q621) 
600mm 82340 (Q622) 


Heavy Duty À 
Drill Chucks & 
* Robust design 

e Supplied with m, 


Flexible Coolant Hose 


* 3/8" hose 
© 360mm hose length 
* 3/8" BSP valve kit 


526-40 (H166) 


MH-826 
8M Tape Measure 


*8 Metre 
e 25mm width 
* Belt clip on si 


$4246 (M750) 


Heavy Duty Drill Chucks 
e Industrial heavy duty 
keyless drill chucks 

* Knurled grips 
* Superior gripping 


chuck key * Precision manufactured 
Capacity Capacity 
0.5 - 13mm 859-49 (c289)_ 0.3 - 13mm 8408-99 (C292) 
0.5 - 16mm 582-50 (C290) 3 - 16mm ) 5439-9 (C294) 


Boring Bar Set 2 
* 9 piece set a 
e12mm a j| 


* Suits Boring Head (M182) 
e Carbide tipped boring bar 


878-65 (M180) 


Digital Caliper — ^ —— 
* 150mm / 6" 

* Metric, inch & fraction 
* 4-way measuring 

* Includes battery 


598-50 (M738) 


BRISBANE 
(07) 3274 4222 


625 Boundary Rd, 
Coopers Plains 


CHP-60 - Hydraulic Chassis 
Punch Set 


* 1.6mm sheet 
capacity 

* Includes 22.5, 
28.3, 34.6, 


61.5mm dies 2 uu 


43.2, 49.6, & 0 \ 


5362-58 (P020) 


WHG-6 

Digital Height Gauge 

* Horizontal and vertical 
measuring capable 

* Digital reading in mm, inches 
and fractions 

*0 - 150mm measuring range 

* Includes battery 


542-35 (W643) 


MELBOURNE 
(03) 9212 4422 


1 Fowler Rd, 
Dandenong 


Flexible Coolant Hose 


* 1/4" hose 
e 330mm hose length 
* With Magnetic Base 


838-50 (H170) 


9" - Drill Press 
Locking Clamp 


e 2" jaw opening * Swivelling jaw pad 
* Quick release lever 


$ 
& 


K2-MT2 - Reversible 

Tapping Chuck 

* Manufactured in Taiwan 

* Tapping range: M5 - M10 

* Suits drilling & 
milling machines 


& 
824-20 (C103) 


8484-50 (T002) 


70-616 
Feeler Gauge 


* 0.03 - 1.0mm range 

* High grade tool steel 

* Hardened tempered 
& polished 


$49.95 (Q616) , 


WHG-3U Mini Digital 
Height Gauge 


* |deal for saw blades & routers 
* Metric, inches and fractions 
*0 ~ 80mm measuring range 
* Auto shut-off - 3 minutes 
* Magnetic base 


595-20 (w644) 


PERTH 
(08) 9373 9999 


11 Valentine Street, 
Kewdale 


Specifications & Prices are subject to change without notification. All prices include GST and valid until 30-11-16 
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Letters and emails should contain complete name, address and daytime phone number. Letters to 
the Editor are submitted on the condition that Silicon Chip Publications Pty Ltd may edit and has 
the right to reproduce in electronic form and communicate these letters. This also applies to sub- 


missions to “Ask SILICON CHIP”, “Circuit Notebook” and “Serviceman”. 


Design flaw in Ultrasonic 
Anti-fouling circuit 

I worked at Electronics Australia in 
the early 1980s with Leo Simpson and 
the rest of the team. Recently, when 
looking through the September 2016 is- 
sue of SILICON CHIP, I saw that a reader 
had written in with an Ultrasonic Anti- 
Fouling unit (SILICON CHIP, September 
& November 2010) blowing fuses. I was 
asked to troubleshoot a Jaycar kit of this 
project some time ago with an identical 
problem and discovered a design flaw. 

After checking the assembly of the 
kit I powered up the first part of the cir- 
cuit (5V supply and micro) and found 
it worked as per the article. I then pow- 
ered up the second part (Mosfets) from 
a second (current limited) supply and 


Micromite memory 
saving advice helpful 

I found the panel in the Appliance 
Energy Meter article on fitting the 
software into the Micromite (page 94, 
September 2016) quite interesting. 
I’ve a rather large program running 
on my Colour Maximite which was 
crashing with an “Out of Memory” 
error when doing a string manipu- 
lation after I added more code. The 
MEMORY command showed about 
10% free. I also had about 100 vari- 
ables of one sort or another. I had 
done some culling of string variables 
and other things previously. 

I took the plunge and converted 
as many variables as possible that 
weren't in arrays into arrays, reduced 
name lengths, converted flags to bits 
etc. The result, when I eventually got 
the program up and running again, 
was a 50% reduction in variables, 
giving 29% free memory. I’ve now 
been able to add more features with- 
out any problems and there’s now 
plenty of room for more expansion. 

By the way, there was a comment 
by Geoff about the Colour Maximite 
and bulky VGA screens in the “Ex- 
plore 100” article. The CMM may 
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found this worked as well. I then re- 
moved the second supply, fitted a fuse, 
and powered the entire project from a 
12V, 3A limited supply. At turn-on the 
unit tried to draw a large current and 
would have blown the fuse if not for 
the current limiting. 

After some investigation the cause 
became clear. At power-up the voltage 
at both Mosfet gates rose to almost 3V 
for 40ms, turning them both on and 
drawing a large current. After this, 
the micro woke up and took control, 
driving the outputs low and turning 
off the Mosfets. Fitting 100kQ resis- 
tors between the gates of both Mosfets 
and GND (across the protection zener 
diodes) holds the gates low during 
power-up and prevents the Mosfets 


be long in the tooth but it still can 
serve a purpose when you want to 
display something large, so that it 
can be read across a room. 

Regarding software tutorials, one 
of my main problems is working out 
the syntax of commands, eg, when 
I am supposed to use “quotes” in a 
command. I spent about three hours 
the other week trying to read and 
write data to a file on another direc- 
tory on the SD card. I could read data 
from the COM1 port OK. I eventu- 
ally got the process up and running; 
quite simple really, once you know 
what you are doing. 

If Geoff Graham wrote examples 
for each command or function in 
the manual, that would be great, but 
would put a bigger workload on him 
and make the manuals that much 
larger. So I say the more hints, tips 
and code snippets, the better. The 
information given on The Backshed 
Forum is also great (www.theback 
shed.com), but a lot of that is over 
my head which is understandable 
as the forum covers a diverse range 
of members with varied interests. 

Brian Playne, 

Toowoomba, Qld. 


turning on simultaneously and draw- 
ing large currents. 

It's standard procedure to pull con- 
trol signals from a micro to known 
states during power-up and while the 
processor is reset. Unfortunately, this 
one was missed. I expect there is the 
usual variation in Mosfet gate thresh- 
old voltages and this would have a sig- 
nificant effect on the size ofthe current 
spike and whether the fuse blew. 

When I was looking at the problem 
I noticed there was a second design 
(Ultrasonic Cleaner, August 2010) that 
used a similar circuit and probably has 
the same issue. 

Jeff Skeen, 

Cherrybrook, NSW. 

Comment: We have had a close look at 
the circuit and we think your analysis 
is correct but fitting the gate pull-down 
resistors will not necessarily cure the 
problem. Although in the specific case 
mentioned in the September 2016 is- 
sue, it probably would be the solution. 

Considering that the micro's output 
states are uncontrolled before pow- 
er-on reset, the voltage at the Mosfet 
gates can rise to around 3V, as you say. 
The mechanism is due to the voltage 
divider from the 12V supply formed 
by the Mosfet drain-gate capacitance 
(typically 270pF) and the gate-source 
capacitance (typically 1.2nF). The ca- 
pacitance of the reverse-biassed diodes 
D1 & D2 would add to this effect. 

Gate pull-down resistors would fix 
the problem but we are inclined to 
specify 10kQ rather than 100kQ. 

However, note that much of the ini- 
tial surge current is due to the large 
low-ESR supply bypass capacitor. This 
was proved in the development of a 
later commercial version of the design, 
which had gate pull-down resistors. 

We also note that this problem has 
been relatively rare, considering the 
large numbers of this unit which have 
been built over the last six years. 
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Mailbag: continued 


Potentially lethal electric fences 
are now legal 

While it isn’t uncommon to have 
a dispute with your neighbours, they 
aren’t normally quite as threatening 
as ours. 

As you have previously noted in 
articles regarding electric fences, 
the Australian Standard indicated a 
maximum pulse voltage of 10kV and 
maximum pulse energy of 5 joules. 
But this has been recently changed. 
The 10kV limit remains but the lat- 
est standards no longer specify a 
limit on the energy delivered by a 
single pulse. 

As aresult, electric fence energis- 
ers delivering 50J or more are now 
available. I guess this is to allow 
long electric fences of many kilo- 
metres. Unfortunately, this has lead 
to at least one death in Deloraine, 
Tasmania, not far from my property. 

It seems that the logic behind 
the new Australian safety standard 
AS/NZS 3014 for the construction 
of electric fences is that the per- 
son will only get one shock and be 
thrown clear. 

Electric fence wires should not 
be mixed with barbed wire, with a 
minimum distance of 150mm be- 
tween them and the electric fence 
should not be near an object which 
could prevent the victim from mov- 
ing away from the fence if shocked. 
The standard also states that the 
fence must be clearly labelled and 
also provides limitations on inter- 
ference with phones etc. 

My neighbour's fence breaks 


all of the above requirements (see 
photo below). That fence is not what 
prompted me to write this e-mail 
but it just happens to have been 
installed recently. Despite its 
lethality, Ihave not been able to have 
this wire removed. 

I have had workplace inspectors 
out here but they don't have any au- 
thority over the matter. The electri- 
cal standards and safety inspector 
(the same one who investigated the 
death at Deloraine) said if it was in- 
cluded in the standards associated 
with AS3000, he could do some- 
thing. Note that this would require 
an electrical contractor to install 
the fences. 

It appears it is a local coun- 

cil matter. Sheffield local council 
does not enforce 
compliance with 
Australian Na- 
tional Standards. 
My question is 
how many deaths 
Or serious inju- 
ries does it take 
to get something 
done? The fence 
shown injured 
my fit 8-year 
old horse. She 
was still sweat- 
ing and shaking 
the next morn- 
ing, 10 hours af- 
ter receiving the 
shock. 

Name withheld 

on request. 


Comment: we are very concerned 
about the increase in pulse energy 
which now seems to be permitted. 
However, we have been unable to 
determine if there have been any 
deaths or injuries as a direct result 
of the change. 

We contacted the Justice Depart- 
ment in Tasmania about this and 
the death you referred to appears to 
have occurred more than 10 years 
ago. Two horses were also killed in 
the north west of Tasmania some 
time in 2014 but again, this may 
have been because of an illegal fence 
installation rather than the specific 
energy in the discharge pulse. 

The fence installation in your 
photo certainly seems to be quite 
dangerous and should be removed. 


PGB Mounting LEDs from Aerospace & Defence Products 


103 Series 

Diffused, Standard 
Intensity LED 

Lead cropping available 
Range of LED colour 
and voltage options 
Conforms to UL94 V-0 
Flammability Rating 
Reverse polarity options 


Lead cropping available 


Conforms to UL94 V-0 


Reverse polarity options 


109 Series 
Diffused, Standard 
Intensity LED 


Range of LED colour 
and voltage options 


Flammability Rating 


Call now for more information: 


Aerospace & Defence Products 


122 Series 

Diffused, Standard 
Intensity LED 

Suitable forauto insertion 
Range of LED colour and 
voltage options 
Conforms to UL94 V-0 
Flammability Rating 
Reverse polarity options 


(02) 9979 9001 Fax: (02) 9979 9001 


151 Series 

Red and Green 
can be operated 
simultaneously 
for Amber 
Diffused, Standard 
Intensity LED 
Conforms to UL94 V-0 
Flammability Rating 


1/8 Apollo St, Warriewood NSW 2102  www.aerospacedefenceproducts.com.au 
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PIC® & AVR® MCUs 


Together Your Possibilities * 
are Unlimited 


You have a desire to make technology smarter, more efficient and accessible 

to everyone. Microchip has a passion for developing products and tools that 
make it easier for you to solve your design problems and adapt to future needs. 
Microchip's portfolio of more than 1,200 8-bit PIC? and AVR? microcontrollers is 
not only the industry's largest — it incorporates the latest technologies to enhance 
system performance while reducing power consumption and development time. 
With 45 years of combined experience developing commercially available and 
cost-effective MCUS, Microchip is the supplier of choice due to its strong legacy 
and history in innovation. 


Key Features 

* Autonomous peripherals 

* Low-power performance 

* Industry-leading robustness 
* Easy development 


microchip 
H 


www.microchipdirect.com 


Contact Information 
Microchip Technology Australia 
Email: aust_nz.inquiry@microchip.com 


Phone: +61 (2) 9868-6733 AN MICROCHIP 


www.microchip.com/8bit 


The Microchip name and logo, the Microchip logo, PIC and AVR are registered trademarks of Microchip Technology Incorporated in the U.S.A. and other countries. All other trademarks are the property of their 
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The Easiest Way to Design Custom Mailbag: ti d 
Front Panels & Enclosures ailbag: continue 


Articles on SPICE simulation wanted 
Have you ever done any articles on the circuit em- 


Free — T M s ulation package SPICE? I’ve heard of a circuit design 
Front Panel : 


Designer 


package called KiCad which apparently can work 
with SPICE, whereas EAGLE doesn't seem to (but it 
can generate a netlist). 

Dave Horsfall, 
E 2. Gosford, NSW. 

You design it Wo machine R Editor’s note: we have not published any articles spe- 

pecie m ieri professionally sa ee — cifically explaining SPICE simulations but we have 

Front Panel Designer no minimum quantity required used SPICE in quite a few instances and gone into 

some detail in those cases to explain how we've used 

Cost effective prototypes and production it, and provided simulation files. For example, see this 

runs with no setup charges article: www.siliconchip.com.au/Issue/2011/Tuly/A 

Powder-coated and anodized finishes in Look+At+Amplifier+Stability+%2526+Compensation 

various colors We have used both LTSPICE (Windows) and ngspice/ 

Select from aluminum, acrylic or provide gschem (Lin ux). In both cases, we simply re-drew the 

your own material circuit, which generally isn’t a huge amount of work. 

Standard lead time in 5 days or express oe Probably the largest hassle is finding and loading all 

manufacturing in 3 or 1 days i the component models your circuit needs. One of the 

oes advantages of LTSPICE is that it comes with a fairly 


TAG large library of models built-in, although it is by no 
FRONT PANEL : means comprehensive. 
EXPRESS We will seriously consider an article or series of ar- 


FrontPanelExpress.com ticles on using SPICE since it's such a handy tool for 


circuit design and experimentation. 
Eoo 


Distributors of quality test and measurement equipment. 
Signal Hound - 


USB-based spectrum analysers 
and tracking generators to 12GHz. 


Virtins Technologies DSO - 
Up to 80MHz dual input plus 
digital trace and signal generator 


Nuand BladeRF - 
60kHz- 3.8GHz SDR Tx and Rx 


Bitscope Logic Probes - 
100MHz bandwidth mixed signal 
scope and waveform generator 


Oximeters, pacemakers and an unfortunate incident 

I was so interested in your January issue this year on 
the Oximeter article I bought one. The first day I tested it 
while walking. After doing a brisk 55-minute walk and 
walking up a small slope, my heart rate read 176 beat per 
minute with 99% oxygen saturation. 

Unfortunately, the next day I was assaulted and while 
I was at the police station making a complaint, the police 
noticed I was sweating a lot. The police called an ambu- 
lance and the paramedics found my heart rate at about 
200 beats a minute (BPM); they reckoned that it could 
have been that way for up to about two hours. 

The hospital emergency department had to stop my 
heart three times before the heart started up at a slower 
rate of about 55 BPM. I must say it did freak me out a bit 
when the doctor first told me they were going to stop the 
heart. The good news was I never felt a thing from their 
defibrillator as the doctor put something into the artery 
or vein in my arm to numb the heart beforehand. 

Ispent about seven days in the intensive care ward and 
another 10 days in coronary rehabilitation. Just before they 
let meout, an Implantable Cardioverter Defibrillator (ICD) 
unit was inserted into my chest, a mini version of the 
Cardio Defibrillators from your article in February issue. 

Within a week of getting out of hospital, I got a reminder 
to do the government department approved CPR refresher 
course all electricians and electrical workers have to com- 
plete to renew their license. I replied saying I would love 
to do itasIcan not do much else, but I could not put any 
pressure on my left arm for a month or so which would 


Manufacturers of the Flamingo 
25kg fixed-wing UAV. em 
Payload integration services Find us on 
available. Facebook 
Australian UAV Technologies Pty Ltd 
ABN: 65 165 321 862 T/A Silvertone Electronics 
1/8 Fitzhardinge Street, Wagga Wagga NSW 2650 
Ph 02 6931 8252 contact@silvertone.com.au 


www.silvertone.com.au 
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From 50 MHz to 4 GHz: 


Powerful oscilloscopes 
from the T&M expert. 


Fast operation, easy to use, precise measurements. 


R&S°RTO2000: Turn your signals into success. (Bandwidths: 600 MHz to 4 GHz) 
R&S?RTE: Easy. Powerful. (Bandwidths: 200 MHz to 2 GHz) 

R&S*RTM2000: Turn on. Measure. (Bandwidths: 200 MHz to 1 GHz) 
R&S*HMO3000: Your everyday scope. (Bandwidths: 300 MHz to 500 MHz) 
R&S*HMO Compact: Great Value. (Bandwidths: 70 MHz to 200 MHz) 
R&S*HMO 1002: Great Value. (Bandwidths: 50 MHz to 100 MHz) 

R&S*Scope Rider: 2 minutes to be sure. (Bandwidths: 60 MHz to 500 MHz) 


All Rohde &Schwarz oscilloscopes incorporate time domain, logic, 
protocol and frequency analysis in a single device. 


Take the dive at www.scope-of-the-art.com/ad/all 
sales.australia@rohde-schwarz.com 
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te CAN 


CONTROLS 


Ultrasonic Level and Distance 


Sensor 

Has a maximum range of 
4.3m. It is built for use in 
tough environments. Fully 
submersible & shock resistant. 
SKU: SNS-020 

Price: $859.00 ea + GST 


USB to RS-232 Converter 
This converter uses the FTDI 
chipset and supports up to 

1 Mbps data transfer rate. 
Cable length of 1.8m. 

SKU: ZTC-005 

Price: $47.95 ea + GST 


€ 


Extended Distance M18 Diffuse 


Photo Electric Sensor 
Features a sensing distance 
of 1.8-2 meters, with NPN 
output. PNP also available. 
SKU: IBS-305 

Price: $59.95 ea + GST 


SST Liquid Level Sensor 
The SST Liquid Level 

Sensor provides single point 
liquid detection via a TTL 
compatible push/pull output. 
This optical liquid level 
sensor has no moving parts 
to wear out or get stuck. 
SKU: SFC-048 

Price: $41.00 ea + GST 


P 
CER, 


LED Light 500mm 

Cabinet LED light 500mm. The 

slim design is easily mounted into 
cabinets or display cases. The 

Direction of the LED light can be 

set 0°, 45° or 909. 24VDC powered 
available in 300, 500 or 1000cm H 
length. 

SKU: CSL-5240 

Price: $34.95 ea + GST 


Dual Axis Inclinometer +10° 
LCA series dual axis analog 
inclinometer senses tilt angles 

from -10° to +10° and gives 

two orthogonal 4-20mA 

outputs for X axis and Y axis. 

SKU: SRS-043 

Price: $175.00 ea + GST 


Multi Function Timer 
A simple to use and feature 
packed multi function timer. 
With 4 different time ranges 
and 7 modes of operation. 
SKU: HNR-100 

Price: $59.95 ea + GST 
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Mailbag: continued 


PIC Programmer Improvements 
circuit correction 

I have a comment on Len Cox’s 
improvement of the dsPIC/PIC Pro- 
grammer in the September 2016 Cir- 
cuit Notebook pages, intended to 
protect Q1 from negative levels on 
the RS-232 input. 

In short, his modification does 
not fully protect Q1 from excessive 
negative RS-232 input signals. The 
base-emitter junction characteris- 
tics of a silicon bipolar transistor 
are similar to those of a zener diode 
with a reverse breakdown voltage of 
about 5.6V. Operation in this region 
is unwise but does not usually result 
in permanent damage provided the 
circuit resistance is high enough to 
safely limit the current flow. 

It should be noted that while the 
RS-232C specifications allow for sig- 
nal levels in the range +3 to +24V, 
many computer systems use either 
+5 or +12V simply because these lev- 
els are commonly available from the 
computer power supply. However, it 
is prudent to design any RS-232 in- 
put to handle the full range and the 
proposed modification from Tony 
Ellis only protects from input signals 
up to about +15V. 

In my opinion, the most effective 
modification is to connect a small 
signal silicon diode (such as the 
1N4148) in inverse parallel with the 


make it difficult for me to do CPR. 

As a result, they taught me to do 
chest compressions with my foot; like 
inflating a car tire with a foot pump. 
I wonder why I have never seen this 
technique before, despite having tak- 
en multiple first aid courses over the 
last fifty years. 

The ICD unit in my chest sends in- 
formation to a base unit I have under 
my mattress to report information 
daily to the manufacturer in Germa- 
ny via the phone network and a copy 
is then sent back to the local pace- 
maker clinic. 

One day a technician from the pace- 
maker clinic rang me and told me that 
my heart rate briefly went to 220 BPM 
and asked if got a shock from the ICD 
unit. I replied: “No, that must have 


junction (replacing the 1.5kQ resistor 
shown, cathode to Q1’s base). This 
limits the reverse voltage to about 
-0.7V irrespective of the input level. 

In the same issue, Jan Batty, in re- 
viewing the Astor M5/M6 vintage 
radios, comments that “the reduced 
distortion of the M6 is testament to 
the use of negative feedback in the 
M6’s amplifier stage”. However, the 
circuit shown in Fig. 3 seems to 
show no negative feedback path for 
audio frequencies. I suspect that a re- 
sistor (#53?) has been omitted from 
the emitter circuit of transistor #74, 
possibly between the junctions of 
resistors #51 and #52. 

Tony Ellis, 

Porirua, New Zealand. 
Comment from Ian Batty: Tony El- 
lis is correct, I omitted resistor #48, 
22Q, between the junction of tran- 
sistor #74 emitter/resistor #51 and 
the junction of resistor #52/capaci- 
tor #23 (which was mislabelled as 
#22 in the diagram published). I’m 
thankful to people who take time to 
read over my work and to point out 
changes that need to be made. 

Editor’s comment: we have mod- 
ified the Circuit Notebook item on 
page 97 of the September 2016 on- 
line issue issue. Similarly, we have 
substituted Ian Batty’s corrected cir- 
cuit for that shown on page 103 of 
the same issue. 


been the day I was on my daily exer- 
cise and walked up a couple flights 
of stairs at the local park.” She added 
that it was good that the ICD unit was 
programmed to know that my heart 
rate can go that high and did not need 
to be activated. 

Eric Richards, 

Auckland, NZ. 


The dangers of imported 
autotransformers 

I saw your reply to D. H. about 
autotransformers in Ask SILICON CHIP 
(October 2016, pages 99-100), so I 
thought I’d throw in my experience. 

At the institution where I am em- 
ployed, we have recently had a few 
240V-115V autotransformers (up to 
3kW) imported from China. They carry 
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PCBCART 
UR 


With 10+ years’ experience serving tens of thousands of international clients, 
our expanded custom PCB manufacturing, assembly and parts sourcing 
capabilities allow us to fulfill almost all kinds of PCB needs at 

reasonable price. 


We insist each electronic project (including those still at prototyping stage) 
deserves superior quality PCB services, that's why we follow the strictest 
quality standards during production. Got a project ready to bring 

into reality? We're happy to discuss. 


"sace 


>) WWW.PCBCART.COM 
&3 sales@pcbcart.com 
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Mailbag: continued 


Free magazines 

I have a large collection of 
SILICON CHIP, ETI, AEM and EA 
magazines available free to a 
good home. They would need to 
be picked up from Morwell in 
Victoria. 

The EA collection should be 
complete back to the sixties and 
includes Radio and Hobbies 
magazines. Contact me via email: 
neilh@wideband.net.au 

Neil Hecker, 

Morwell, Vic. 


different brand names but appear to be 
very similar. They are finished with a 
heavy black gloss enamel, with vari- 
ous symbols claiming all sorts of regu- 
latory compliance (including ISO9001 
on some), and their internal construc- 
tion seems pretty much the same. 
Unfortunately, some are wired with 
the brown wire (in the 3-core mains 
input cable) connected to the termi- 
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Arduino's two-sided cousin. While it may share many of the 
same attributes as the popular, open source platform 
including the 32-bit AT91SAMS3XOGE core of a Due, the pinout 
of an Uno and the ability to be programmed in the Arduino 
IDE via via microUSB, what really sets this new dev board 
from MikroElektronika apart is when you turn it over. 


GLIN 


High-Tech Distribution 


nal common to input and output and 
at least one came with a moulded 
three pin plug for Australia with the 
brown wire connected to the Active 
pin and common to the 115V output. 
The power switch is actually a cir- 
cuit breaker, and often connected to 
the blue wire. 

On these improperly wired units, 
the output terminals are at 240VAC 
and 130VAC (approx). The earth tag 
looks pretty wimpy, and is usually 
just clamped under one of the trans- 
former mounting feet, usually with 
fixed self-tappers. Also there seems to 
be no attempt to remove transformer 
varnish or the case enamel from un- 
der the earth tag, although most units 
show low resistance from earth pin to 
exposed metal anyway. 

Internal inspection reveals some- 
what dubious wiring quality. Some re- 
search has determined that in at least 
one case, the claimed regulatory com- 
pliance is bogus and the consensus is 
that probably all the claims of regula- 


F JMikroElektronika Now stocked in 
DEVELOPMENT TOOLS | COMPILERS | BOOKS 


| zn FLIP OG click 


your imagination 


Foro ET 


You'll find four mikroBUS sockets for "click boards." With 
more than 160 to choose from, Makers can prototype their 
next gizmo or gadget effortlessly by simply adding new 
functionality — ranging from Wireless, OLED displays to 
relays to sensors. That's 160^ product combinations to set 


sales@glyn.com.au 


www. 
Tel: (02) 9889 2520 


tory compliance (C-tick, CE, etc and 
especially ISO9001) are bogus. On the 
units with the Active input connected 
to the output, one output terminal is 
connected to mains Active, even with 
the unit turned off at the front panel 
or if the circuit breaker has tripped, 
or even if the internal fuse blew (it is 
in series with the breaker). 

These units could function satis- 
factorily but they present a hazard. If, 
for example, the Active and Neutral 
were swapped for some reason, say by 
using an incorrectly wired extension 
cable, power board or GPO, even a 
correctly-wired transformer could de- 
liver 240VAC on one terminal to the 
load, even if the circuit breaker has 
tripped or the unit is switched off. If 
there was a short to earth in the load 
then the unit's circuit breaker may 
not trip at all. 

As a consequence, these units have 
been banned at work and only iso- 
lating step-down transformers ap- 
proved for use. I'd recommend that 
people only use 240V-115V transform- 
ers bought in Australia; that way, the 


lyn.com.au 
Fax: (02) 9889 2954 
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supplier is responsible for ensuring that they comply with 
local regulations, unlike units bought directly from over- 
seas in which case the purchaser assumes responsibility 
for safety compliance. 

On another issue, after reading your review of the new 
Keysight meters I decided I deserved an upgrade and 
bought a U1242C. It is a great meter packed with many 
beaut features and one that I discovered only after read- 
ing the manual. 

According to the manual, the input impedance on the 
mV range (accessible through the thermocouple selection 
if enabled in setup) is switchable between 10 megohms 
and >1 gigohm. Well, except it wasn’t when I tried it. 
Setup reported the input as *1000M" but measurements 
showed it was always only 10M. I contacted Keysight on 
the issue in early May, and nearly five months later they 
have come up with a rewrite of the firmware which fixes 
the problem. It should be available here: 


www.keysight.com/main/software.jspx?ckey=878175 


&lczeng&cc- TH&nid--33167.1144468&id-878175 
I was also curious about the U1242C's bandwidth, be- 


cause I noticed that the Vsense was still working at about 
20kHz and the meter seemed to work OK at frequencies 
well above the limit implied in the datasheet. So I com- 
pared it to a U1282A, and found a bug with the U1282A. 

The U1282A comes with low-pass filters for both the 
DC path and the AC path; both can be enabled or disa- 
bled in setup. Unfortunately, an LPF was enabled in the 
AC path if the DC LPF was enabled in setup, regardless 
of whether the AC LPF was enabled or not. So there's also 
a newer version of the firmware which fixes that, and it 
should be available here: 

www.keysight.com/main/software.jspx?ckey-1765967 
&lczeng&cc- TH&nid--33167.1144466&id-1765967 

Unfortunately (bear with me, nearly done), the new 
firmware seems to introduce another bug. If you are 
measuring something on the ACmV range, then switch 
to the DCV or ACV ranges, then back to the ACmV range, 
the meter shows an incorrect value, down by a factor of 
about 20. Disconnecting the signal while switching rang- 
es avoids this, and over-ranging the mV range can reset 
it. It is inconceivable that this could cause a safety prob- 
lem since only the ACmV range is affected. I have been 
informed that another firmware update that will fix the 
problem is coming. 

By the way, the U1242C seems to have little trouble 
measuring a 90kHz sinewave although accuracy suffers 
by a few percent. I estimate its -3dB bandwidth may well 
exceed 200kHz although I didn't test that far. 

And finally, on the issue of Australian manufacturing 
(which is a topic that pops up in SILICON CHIP occasion- 
ally), a few years ago I bought a jacket from the iconic 
Australian outfitter R. M. Williams during a sale. It is a 
lovely coat, warm and comfy and unsurprisingly manu- 
factured in China, made from 8096 wool, 1996 nylon and 
796 polyester. Is it any wonder we are losing manufac- 
turing to other countries if we have to compete with that 
sort of advanced technology? 

Phil Denniss, 

Darlington, NSW. St 
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For a limited time, get up to 100MHz more 
bandwidth than you paid for with Siglent's 
Free Bandwidth upgrade offer... 

THEN DOUBLE DIP !!! 

Order the 16 Channel MSO option (probe and 
firmware) and get: 

FREE Arbitrary Waveform and 25MHz Function 
Generator Option 


FREE Serial Decode for 12C, SPI, CAN, LIN, UART 


Offer details 
* Buy a 100MHz or 200MHz model and get a 200MHz or 300MHz model 
* Buy 70MHz model and get a 100MHz model 
e Buy SPL2016 and SDS2000-LA (MSO option) and get SDS2000-DC 
and SDS2000-FG free 
e Buy 300MHz model and get free MSO, Decode and Waveform Generator 
options 
v ev Specifications: 
Up to 140 Mpts acquistion memory 
[v 2 GS/s max sample rate 
[V Waveform capture rate up to 500,000 wfm/s in sequence mode 
Waveform update 140,000 per second max 
fo Ethernet, USB host and device, Hardware pass/fail output, Trigger out 


CONTACT 1300 853 407 


TRIO X... 


Sales@triotest.com.au 
Test & Measurement www.triotest.com.au 
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our car’s vardian angels 


You may not know it but if your car was built in the last 15 or so years, 

it will have at least two and maybe as many as nine highly explosive 
devices in the cabin! What? These explosive devices are the airbags 

- the so-called passive restraint devices designed to protect you and 

your passengers in the event of a collision. But don’t worry about their 
incendiary nature - think of them as your guardian angels, ready to jump 


in between you and impending death. 


irbags are not passive! Well, they are passive in 
Ae sense that they sit there doing nothing — until 
they are triggered by the high g-forces ofa collision. 

Then they rapidly inflate to cushion you against a colli- 
sion with the dashboard or other parts inside the vehicle. 

Most new cars sold in Australia have at least six airbags, 
such as the steering wheel (driver’s) airbag, front passen- 
ger airbag, side airbags for front and back passengers and 
curtain airbags for front and back passengers. 

There may (depending on the vehicle) also be knee 
airbags for both front occupants, a rear centre airbag, seat 
cushion airbags and rear window curtain airbags. 

The purpose of the seat cushion airbag is to elevate the 
front of the seat to stop the passenger sliding forward in a 
collision. In addition, some vehicles may 
have a small airbag fitted to the seatbelt 
to more widely distribute the forces of 
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by Dr David Maddison 


the belt during impact. Also recently introduced are roof 
airbag designs and even external airbags to help minimise 
pedestrian injuries. 


History of airbag development 

While there are many mentions in automotive literature 
that airbags had their origins in 1941, I have been unable 
to find an original reference for this. It possibly relates to 
the practice of some WWII military pilots of inflating their 
life jackets to try to protect themselves in a crash. 

The invention of the automotive airbag is generally 
credited to two independent inventors. American John 
W. Hetrick and German Walter Linderer had a US and a 
German patent awarded respectively within three months 
of each other in 1953. 

Hetrick described what motivated him 
to develop the invention: “In the spring 
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The airbag timeline: 


1953 Separate airbag patents by Hetrick and Linderer. 

1964 US company Eaton Yale and Towne Inc. (now Eaton Corp.) start airbag research for 
school buses. 

1964 Yasuzaburou Kobori in Japan zens deve opment work on airbags. 

1965 Ralph Nader releases book "I he Designed-In Dangers of 

the American Automobile” notive safety, although it was 
heavily criticised for 


1973 Oldsmobile To 
1974 Buick, Cadi 


nger vehicles. 
the airbags deployed to 


1990 Ford makes airbags. 

1990 First recorded accident 

protect each driver. < 
1990 Airbags or automatic seat belts feuired on driver's side on all new US cars. 

1995 Volvo offers side airbags and torso side protection airbags as an option on its 850 
models. 

1998 The US government mandates düal frontal airbags on all passenger vehicles. 
2006 Honda introduces the first airbag for motorcycles, on the Gold Wing model. 


hands up to keep our daughter from 
hitting the dashboard. During the 
ride home, I couldn't stop thinking 
about the accident. I asked myself: 
‘Why couldn't some object come out 
to stop you from striking the inside 
of the car?’” 

At the time, Hetrick was unable to 
get the auto-makers interested in his 
invention and he did not have the 
funds to develop it so nothing became 
of the idea. 

Ford and General Motors in the US 
started experimenting with airbags (or 
inflatable restraints, as they were then 
called) in the late 1950s. 

Both Hetrick's and Linderer's air- 
bags were inflated with compressed 
air. But further research showed that 
compressed air was not capable of 
inflating the bags fast enough in the 
event of an accident and that the bag 
had to be inflated within around 40 
milliseconds or less, which is the 
time between the original impact and 
passengers hitting the dashboard in a 
typical collision. 

Practical airbags would also need a 


of '52, my wife, my seven-year-old daughter, Joan, and I 
were out for a Sunday drive in our 1948 Chrysler Windsor. 
About three miles outside Newport (Pennsylvania, US), we 
were watching for deer bounding across the road. 

Suddenly, there was a large rock in our path, just past 
the crest of a hill. I remember hitting the brakes and veer- 
ing the car to the right. We went into a ditch but avoided 
hitting both a tree and a wooden fence. 

As I applied the brakes, both my wife and I threw our 


Drawing from German patent 896,312 of 1953 by Walter 
Linderer. It was filed on October 6th, 1951 and granted 
November 12th, 1953. Loosely translated into English, 
the title of the patent is “Facility for the protection of 
passengers against injuries in vehicle collisions". 


siliconchip.com.au 


much more sensitive collision sensor 
than in the original Hetrick system. 
In 1964 Eaton Yale and Towne Inc started doing airbag 
research to protect children on school buses. They were 
later approached by Ford to work on automotive airbags. 


Pillow protects you in auto crashes 
This 
prevent or lessen injuries in car accidents. 


"Auto-Ceptor" pillow is designed to 
Triggered by a crash sensor, it inflates in 
1/25 second between the instrument panel 
and the driver and passenger. A model and 
dummy child demonstrate it here. It's a 
joint product of two companies: Eaton Yale 
& Towne and the Ford Motor Co. 
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Auto-Ceptor experimental airbag as shown in the May 
1968 Popular Science magazine. 
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They developed what they called “Auto- 
Ceptor” restraints. These airbags seemed to 
work well enough and used pressurised nitrogen 
(not withstanding other research suggesting 
that compressed gas could not inflate the bag 
fast enough). 

In 1969 these airbags were taken to Wash- 
ington DC to demonstrate to US Government 
officials but the system failed to activate during 
the demonstration. Henry Ford II was furious 
and temporarily cancelled the program. 

In 1964 Yasuzaburou Kobori in Japan also 
started development work on an airbag “safety 
net” for which he received patents in 14 coun- 
tries but died before seeing widespread adop- 
tion of airbags. See www.jahfa.jp/jahfa6/pala/ 
person5-1.htm for more about him (use Google 
translate to convert the Japanese text to English). 

David Breed developed a key component of 
airbag systems in 1967 in the form of the cheap 
and reliable “ball-in-tube” inertial crash sensor 
which he marketed to Chrysler Corporation. 

This invention is frequently also attributed to 
Allen Breed (mentioned later) but it is believed 
that David Breed is the actual inventor. 

Another important invention that made air- 
bags feasible was a chemical system to gener- 
ate large amounts of gas in a short time (ie, the 
explosive). 

In 1968, John Pietz at Talley Defense Systems 
in the US developed a gas generating system 
based on the chemical reaction of sodium azide 
(NaN3) and a metal oxide. It produces nitrogen 
gas as the reaction product which inflates the 
bag. Mainly dueto the toxicity of sodium azide, 
other gas systems have now been developed 
and largely replaced sodium azide in modern 
airbags. 

In 1971, Ford produced an experimental air- 
bag equipped fleet of cars. This was followed 
in 1973 by GM producing a fleet of Chevrolet 
Impalas for use by the US Government, and 
in the same year GM offered an Oldsmobile 
Toronado to the public. Following this in 1974 
Buick, Cadillac and Oldsmobile offered airbag 
options on various models. 

When General Motors in the US first marketed 
airbags in the 1970s they were referred to as the 
" Air Cushion Restraint System (ACRS)". 

Their original purpose was to replace seatbelts as there 
was significant resistance to wearing seatbelts in the US 
at that time. A corporate video of the time reflects their 
purpose as a seatbelt replacement or substitute. 

See “1974 Buick — Airbags" https://youtu.be/ZyYdUQl- 
1WNc and the comments about the possible hazards in- 
volved in their deployment when children are in the car. 
Also see a modern review of the ACRS equipped car “Air 
Cushion Restraint System - 1973 Chevrolet Impala Airbag" 
https://youtu.be/XT1Sl4m3Qe4 

Allen Breed co-patented an airbag which vented gas as 
it expanded, which reduced the rigidity of the airbag and 
injury from impacting it. This had been a problem in earlier 
airbags which did not deflate significantly. 
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Tn 


Aug. 18, 1953 


J.W. HETRICK 2,049,511 


SAFETY CUSHION ASSEMBLY FOR AUTOMOTIVE VEHICLES 
Filed Aug. 5, 1952 


ZZ 


INVENTOR 


John W, Hetrick 


BY 
PLETE eoet, optat t Dareda 
ATTORNEYS 


, 


Images from US Patent 2,649,311 granted 

August 18th, 1953 but filed August 5th, 1952, “Safety cushion 
assembly for automotive vehicles” by John Hetrick. Fig.1 shows the 
air accumulator and valve assembly. Fig.2 shows the relationship 
between the various parts including the “cushion” mounted in the 
steering wheel and Fig.3 shows the steering wheel mounted cushion 
and how other components relate to it. 


The patent was awarded in 1991 and can be viewed at 


https://docs.google.com/viewer?url=patentimages.storage. 
googleapis.com/pdfs/US5071161.pdf 


Why airbags work 

Airbags are designed to counter the consequences of 
Newton’s First Law of Motion which describes the tendency 
of anything that is in motion to stay in motion. 

The forward motion of a car has a certain amount of 
kinetic energy associated with it. 

In the case ofa car that is fine . . . until that motion comes 
to an unplanned and abrupt halt such as in a collision. 

Modern cars are designed to absorb some of that kinetic 
energy by crumpling but the passengers too must have their 
kinetic energy absorbed. 

Seatbelts (if they are worn) will restrain passengers to 
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SEAT CURTAIN 
SHIELD AIRBAG 
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REAR CENTRE 
AIRBAG 


SEAT CUSHION 
AIRBAG 


PASSENGER’S SEAT 


KNEE AIRBAG 


PASSENGER’S SEAT 
TWIN CHAMBER 
AIRBAG 


a certain degree but mainly only the 
torso. Passengers’ heads, arms and legs 
are still able to flail about and hit ob- 
jects within the car such as the steering 
wheel, dashboard or windows. 

When a severe collision is detected 
an airbag rapidly inflates and then de- 
flates via holes in the bag. The energy 
of the passenger striking the airbag is 
absorbed via release of this gas. 

If the airbag did not deflate, little 
energy would be absorbed and the 
passenger would just bounce off the 
airbag and little protection would be 
provided. Early airbags did not deflate 
significantly and were responsible for 


(Above): an airbag gas generator module for a steering 
wheel airbag. Pellets are the propellant material. The two 
modules at the base either side of centre are the igniters. 
One or both of these are fired depending upon the severity 
of the crash. Surrounding the assembly is a strong canister. 
On the far right and the far left of the canister is a wire 
mesh filter. This stops particles from the gas generator 
exiting out of holes in the side of the canister (not visible) 
into the nylon airbag surrounding the canister (also not 


visible). 


(Right): a view of a different steering wheel airbag module 
showing the relative position of the Nylon bag. 
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REAR WINDOW 
CURTAIN SHIELD 
AIRBAG 


SEAT CUSHION 
AIRBAG 


The types of supplemental restraint system (SRS) airbags that may 
be fitted to modern vehicles. In addition to these bags there are 
roof airbags now available to replace some driver and passenger 


airbags and even external airbags to protect pedestrians. 


some injuries and deaths. 

Note that US regulations require that 
airbags work with unbelted as well as 
belted occupants, making their design 
considerably more complicated. 

In most other Western countries 
airbags are designed to work under 
the assumption that the passenger is 
wearing a seatbelt. 


The airbag system 

Airbags do not operate in isolation 
— they’re a complete system, more 
often than not integrated with other 
systems within the vehicle. A basic 
airbag system consists of an airbag 


module, crash sensors, clock spring 
and an airbag control unit, or ACU. 
The airbag module consists of one 
or more igniters, the propellant mate- 
rial which creates large amounts of gas 
to fill the airbag when it is ignited, a 
canister and the airbag itself. There are 
generally no electronics in the airbag 
module and it can be simply set off by 
supplying 12V to the igniters (see the 
panel “Interesting Videos” where some 
show letting off old airbags for fun). 
Typically, Australian airbags are 
triggered when collision forces are 
equivalent to hitting a solid object at 
25-50km/h, or 60km/h into another 
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car, equivalent to forces of about 20g. 

The front airbag generally inflates in 
about 65ms or less. The crash sensor 
takes about 12 to 20ms before an airbag 
deployment is triggered; side airbags 
inflate more rapidly. 

The maximum pressure achieved 
inside a modern airbag is surprisingly 
low, about 34kPa, 5 psi or 0.34 atm. 

This low pressure is due to the fact 
that even as the airbag is inflating it 
is continuously venting. If it wasn’t 
vented, as early airbags were not, seri- 
ous injury (or worse) could be caused 
by a far more rigid airbag. 

The driver and/or passengers strike 
the airbags when they are at their 
maximum expansion. The airbags 
then rapidly deflate as gas is vented 
through holes facing away from pas- 
sengers. As this gas is bled off, energy 
is dissipated. After the collision, the 
sequence is complete and the bag is 
fully deflated. 

Modern airbags are frequently multi- 
stage, with one or more igniters to 
produce an appropriate amount of gas 
for the severity of the collision and the 
weight of the occupant as determined 
by weight sensors in the seat. 

Airbags are typically made of Nylon 
fabric with a polyurethane coating (or 
more recently a silicone coating which 
is less affected by ageing). 

As the airbag inflates, it bursts its 
way out of its container (such as the 
steering wheel cover). The bag is 
coated with talcum, French chalk or 
corn starch powder to help it unfold 
smoothly — this is the “smoke” that can 
be seen in some deployment videos. 

Some airbag deployment videos 
as seen on driver’s dash cams can be 
seen at “Car airbag crash live video 
(Caught On Dashcam)” https://youtu. 
be/ab2gLV547FA 

Airbag crash sensors detect a rapid 
change in velocity and determine if 
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The sequence of airbag deployment 
for a steering wheel airbag. 

(1st picture) A crash is detected and 
the airbag starts to inflate. 

(2nd picture) The bag is fully inflated as i 
the driver's face is just about to hit the bag. yes 
(3rd picture) The driver’s face hits the 
bag and it immediately starts to deflate 
(Remaining pictures) Progressive 
deflation of airbag and rebound of 
driver’s head. 


a collision has occurred, the type of 
collision and its severity. The sensors 
also determine if the crash is frontal, 
sideways or rollover type. 

The type of collision detected deter- 
mines which (if any) airbags will be 
deployed — they will not be deployed 
for minor collisions and not all airbags 
will necessarily be deployed, even 
for more severe collisions. It depends 
upon whether the airbag will be help- 
ful or a hindrance for the type of col- 
lision detected. 

Note that normal braking, no mat- 
ter how hard, will never cause airbag 
deployment. 

The sensors are typically located 
in the front of the car for frontal crash 
detection (near the engine or passenger 
compartment or inside the ACU), the 
side of the car for side impact detec- 
tion (in the door or door sill, between 
front and rear doors or the ACU) and 
for rollover detection the sensor will 
be located either near the car's centre 
of gravity or in the ACU. 

Older technology airbag crash sen- 
sors were mechanical in nature such 
as the ball-type sensor and the roller- 
type sensor. 

The next generation of technology 
were piezoelectric devices while the 
present generation are mainly solid- 
state MEMS (microelectromechanical 
systems) accelerometers designed 
to sense the high-G forces in typical 
collisions. 


WAGEN JETTA i 
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Disassembled clock spring 
assembly from an Audi, as 
shown on forum post at 
http://forums.quattroworld. 
com/a6100/msgs/21794.phtml 
` discussing the repair of this 
component. Note the coiled 
ribbon cable on the lower 
right. At the left is the top 

| assembly that goes over the 
ribbon cable. This one has 
only two wires in the ribbon 
cable but there may be many 
" more when there are a lot of 
controls or indicators on the 
steering wheel. 
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High speed thermal images of airbag at a particular instant during deployment showing side view, view of gases being 


| 


vented from rear ports after deployment and frontal view. 


MEMS devices have been in use 
since the mid 1990s. The mechanical 
devices were either off or on but the 
solid state devices can supply more de- 
tailed information about the nature of 
the collision and contribute to a more 
appropriate decision as to the deploy- 
ment or not of airbags and other safety 
systems such as seat belt tensioners. 

The clock spring is a component 
that provides the electrical connection 
between the car's wiring harness and 
the steering wheel airbag, allowing for 
an electrical connection between the 
stationary steering column and the 
rotating steering wheel. 

It may also be used to provide a con- 
nection to other switches or indicators 
on the steering wheel. 

The clock spring typically consists 
of a length of ribbon cable located 
between a small cylinder and a larger 
cylinder which is free to wind up or 
unwind when the wheel is rotated. It 
is a rather simple and elegant system. 

For a video showing the location 
and inner workings ofthe clock spring 
you may wish to look at “Clock Spring 
Replacement - Toyota / Lexus” https:// 


Sensing Plate 
(Gold Plated) 


Pole Piece 


Plastic 
Housing 
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youtu.be/862izi6XChI 

The airbag control unit (ACU) is a 
form of electronic control unit (ECU), 
which in turn is simply an embedded 
system that controls various subsys- 
tems within the car. 

The ACU is the “brains” responsi- 
ble for control of the airbag system. It 
tests the airbag system at start up and 
monitors various sensory inputs while 
a car is in operation. 

Sensors monitored include crash 
sensors, gyroscopes, speed & brake 
sensors, and sensors to monitor the 
occupancy of a seat and the weight of 
the person in it. 

Rollover detection requires the 
use of a gyroscope and low g-force 
sensors. The combined data from the 
gyroscope and low g-force sensors is 
used to determine the angle of the car 
and rotational rate, thus enabling the 
ACU to compute the optimal time to 
deploy the airbags and other systems 
such as seat belt tensioners. 

In a given crash scenario, not all 
bags will necessarily be deployed — for 
example, bags associated with unoc- 
cupied seats will not be activated. 


Foil Spinning 
(Electrical Contact) 


Weight 


Terminal 


Contact 
(Gold Plated) 


Also, airbags are not deployed if 
such deployment would cause injury, 
for example, if there was a child seat 
present or there was an out-of-position 
passenger, as determined by seat sen- 
sors, the relevant airbags would not 
be deployed. 

There is no universal algorithm to 
establish airbag deployment or non- 
deployment. Each car model needs 
to have its own algorithm, tailored to 
suit the specific needs of that model 
of car, based upon crash simulations 
and testing. 

Efforts are underway to develop 
neural networks to provide smarter 
more effective airbag deployment and 
control with more universally appli- 
cable algorithms. 

In the event that the vehicle battery 
becomes disconnected during a severe 
crash, most modern airbag control 
units have backup power available, 
usually in the form ofa large capacitor, 
such as the 33,000uF capacitor in the 
ACU of a first generation US model 
Mazda MX-5 Miata. 

Backup power for ACUS is said to 
typically last from a few seconds to up 


Contact 


FORWARD 


Sensor at Impact 


(Above): roller-type sensor. There is a weight on a spring 
which, upon impact rolls to the right. If the impact is severe 
enough, causing the weight to roll far enough to the right, an 
electrical circuit will be completed. This will be sensed by 
the ACU, which decides whether to deploy the airbag or not. 
(Left): ball-in-tube type sensor. Upon impact, the ball shifts 
to the right and connects to contacts, which complete an 


electrical circuit which is sensed by the ACU and a decision 
is made whether or not to deploy an airbag. 
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Evolution of high-g force solid state crash sensors for airbags. These are designed to be sensitive to the high 
g-forces in typical collisions. (1) Hybrid piezoelectric device in use from 1984 to 1997, (2) solid state silicon MEMS 
micromachined capacitive device (1997 onwards), (3) smaller form factor MEMS silicon capacitive device (2002 
onwards), (4) present generation MEMS device with further reduced package size. 


to ten minutes after loss of main vehi- 
cle power and allows for the airbags 
to still be deployed. 

Most airbag electronic control units 
use the CAN (Controller Area Net- 
work) that is commonly used in all 
control and communications systems 
in modern cars. 


Event data recorder 

Nearly all modern cars have an 
event data recorder (EDR) associated 
with the ACU. This runs in a loop 
mode, recording various data at the 
time of a crash, such as speed, brake 
position, steering angle, whether seat 
belts are buckled and so on. 

This data recording has raised pri- 
vacy concerns in various jurisdictions 
and has been used to convict people 
of driving offences, including in NSW. 

Nevertheless, questions remain 
about who owns the data and who can 
rightfully access it. 

As of 2014 every major company 


p EIA 


Bosch solid state MEMS gyroscope and 


low g-force sensor for rollover detection. 
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selling cars in the USA had EDRs 
except for VW, Maserati and Ferrari. 

There are companies in Australia 
that will read EDR data for prosecuting 
authorities and insurance companies. 
In the US there are companies that will 
delete EDR data upon request. 


Roof and front-seat mounted 
rear airbags 

Former spacecraft manufacturer 
and now major automotive eqipment 
supplier, TRW, has recently developed 
and introduced a roof airbag. 

Its main purpose is to make more 
space available in the vehicle’s 
dashboard, thus allowing for more 
instrument panel space, multimedia 
displays, storage space and also the 
possibility of reducing the overall size 
of the dashboard. 

The bag is mounted in an enclosure 
above the windscreen. As well, a ver- 
sion has been developed for rear seat 
passengers with the airbag mounted 


E Portelligent 


on the back of the front seats. 


Airbags to protect pedestrians 


Volvo have developed an external 
airbag to minimise injury to pedestri- 
ans that may be struck by a car. 

This system was introduced with 
the 2012 Volvo V40. For a video of the 
system in operation and other details 
see: "Volvo V40 Pedestrian Airbag" 
https://youtu.be/w2pwxv8rFkU 

TRW have also developed an exter- 
nal side airbag to minimise forces of a 
side impact. See video: “Car Tech 101: 
External airbags (On Cars)" https:// 
youtu.be/XrcbAcfXvUo 


Non-automotive airbags 


Apart from their most common ap- 
plication in cars, airbag safety technol- 
ogy is also used in some motorcycle 
jackets, motorcycles and aircraft. 


Motorcycle jacket airbags 
Some motorcycle jackets now have 


Toyota Prius - Airbag Module 


Seiko 
| #SIC-234A 
| 128 or 256 Bytes Serial EEPROM 


Toyota 
#09H29 
Impact Trigger ? 


Renso / STMicro 
#151821-1360 


(Power) Controller 


Third party tear down 

of Toyota Prius Airbag 
Electronic Controller Unit 
with identification of some 
of the components. 


Renesas 
$4H06432695 
32-bit CPU w/ Memory 


#151821-1390 
(Power) Controller 
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(Above): centre airbag to stop passengers hitting each other 
in the event of a side impact. 


(Right): simulated deployment of TRW roof airbag as used 
in the 2014 Citroén C4 Cactus. 


built in airbags that inflate when a collision event is de- 
tected. One example of a commercial jacket is the D-air 
Misano 1000. 

This jacket, unlike most others, has no connection to the 
bike and has its own built-in sensors which determine when 
the airbags should deploy. See corporate video: “Dainese 
How to: D-air Misano 1000" https://youtu.be/nJeKJgUNSHk 

For amateur video of a crash where a rider was saved 
from injury while wearing another brand of airbag jacket 
see “Motorcycle Crash with a Rider wearing Helite Airbag 
Protection” https://youtu.be/jdH8e22x74Q 


Motorcycle airbags 


Since motorcycles are one of the most dangerous forms of 
road transport, any improvement in road safety is beneficial. 
In head-on impacts of motorcycles with other objects 
the rider tends to keep moving forward and strikes parts 
of the motorcycle as well as the object being struck at pre- 
crash speed. The objective of any restraint system would 


Front seat mounted airbag for rear seat passengers. 
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be reduce the speed at which the motorcyclist strikes the 
opposing object. 

It may seem surprising to some that airbags have actually 
been fitted to motorcycles. Crash tests were done as early 
as 1973 that demonstrated that an airbag could reduce 
injury although the overall results were not considered 
entirely satisfactory. These tests were followed up in the 
UK in the 1990s. 

In the UK tests it was shown that a motorcycle airbag 
placed in front of the rider in a way that the rider would 
strike the bag with their head and chest rather than the 
motorcycle or opposing object was highly effective up to 
speeds of 48km/h but full restraint of the rider was not 
possible beyond that speed, although there was still a 
beneficial safety affect. Tests showed a reduction in kinetic 
energy of the rider of between 79% and 100% and reduced 
neck injuries. 

In the UK study it was noted that approximately 75% of 
motorcycle accidents occur at motorcycle impact speeds 
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(Above): 2013 Volvo V40 showing pedestrian air bag which 
also raises the bonnet when activated. 


(Right): Experimental external airbag by TRW. It is 
expected to reduce side impact forces by 30 percent. It 
has a volume of 200 litres and will take longer to inflate 
than normal airbags so it has to be trigged even before the 
collision occurs. 


of up to 48km/h, and 96% up to 64km/h and that 93% of 
the serious and fatal head injuries occur at speeds of up 
to 64km/h. 

It was also noted that a majority of fatal and serious head 
and chest injuries occurred in roughly head-on impacts of 
the motorcycle and something else and that a majority of 
accidents with an opposing vehicle occur with the speed 
of the opposing vehicle at 25km/h or less. 

In the light of these statistics it was decided to optimise 
the design of an airbag system for head-on impacts of the 
motorcycle into stationary or slow moving vehicles of up 
to 25km/h with additional injury reduction potential for 
impacts up to 64km/h. It is assumed these figures are for 
the combined speeds of both vehicles. 

Honda has had an airbag installed on their Gold Wing 
model since 2006. For a video see “Honda Goldwing Airbag 
System" https://youtu.be/-1wS5XxuT30 


Aircraft airbags 

A number of commercial airlines use airbags. First intro- 
duced in 2001, they are attached to the seatbelts and tens 
of thousands are in current use. The bags are designed to 
fill the void between the passenger or pilot and the seat, 
bulkhead or instrument panel in front of them. For a video 
see "Amsafe - How Seatbelt Airbags Work" https://youtu. 
be/IZfPIG3LXxk 


Military helicopter airbags 
The US Army undertook an upgrade program ofthe Bell 
OH-58D helicopter to become designated the OH-58D(R) 


D-air Misano 1000 motorcycle jacket with airbags and built- 


in crash sensors. 
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Kiowa Warrior and included many safety and other im- 
provements including pilot airbags. 

Anglo-Italian company Aero Sekur have developed 
external airbags for helicopters to increase survivability 
in the event of a forced landing on land or sea as well as 
providing floatation at sea. 


Safety improvements due to airbags 
According to the Australian Government's Bureau of 


NO beso 


Test of early motorcycle airbag on a Norton Commander in 
a frontal collision with side of car. UK Transport Research 
Laboratory and Lotus Engineering, report published 1996. 
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Interesting Videos 


Here are a few videos on what is in- 
volved in replacing or repairing airbags 
that have been deployed. 

These are included here for general 
information (and in some cases entertain- 
ment!) only—SILICON CHIP strongly recom- 
mends against doing this yourself and it 
may even affect your insurance coverage. 

The point of presenting these videos 
is to show some of the inner workings of 
the airbags and what is involved when a 
professional replaces them. 

Also note that in many late model cars 
the vehicle computer has to be reset after 
an airbag deployment has been made and 
crash data is also recorded. There are a 
couple of videos on that as well. 

Apart from that, the strength of the col- 
lision that is required to deploy an airbag 
is significant and it is likely that there is 
other serious damage done to the car. 

This may not be the case in other 
countries such as the US where airbags 
are designed to deploy at lower roads 
speeds than in Australia since in the US 
there is a higher likelihood that someone 
may not be wearing a seat belt and the 
airbags have to protect an occupant who 
may not be wearing one. 

This perhaps explains why there are 
a number of US videos about replacing 
airbags — an airbag might be deployed at 
relatively low road speed with relatively 
minor vehicle damage. 

“How to detonate an airbag, airbag 
repair, and demonstration” 
https://youtu. be/8Fxr-dRiklE 


“HOW TO FIX AND REUSED A DE- 
PLOYED AIRBAG" (sic) 
https://youtu.be/pAZ41pKbKAo- 


(Definitely don't try this!) 


"How to Replace an Airbag on a Vehicle" 
https://youtu.be/Hadsvt17Fj0 


“Carprog setup, Airbag resetting” 
https://youtu.be/9cJjZo30WLU 
(Silent) 

"How to Reset / Repair clear the crash 


data from GM Airbag control module" 

https://youtu.be/9dRR9Ytd7So 

At the risk of being accused of being 
irresponsible for including these, some 


entertaining videos of people deliberately 
setting off surplus airbags can be seen here: 


"Setting Off Airbags’. 
https://youtu.be/k31VONVFXdg 


“THE BEST AIR BAG EXPLOSIONS 2013" 
https://youtu.be/JBcvwWUZOPA 
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Aero Sekur external airbags on a helicopter. The system was showcased at the 
2010 Farnborough International Airshow but does not appear to have been 


commercialised. 


Infrastructure, Transport and Regional 
Economics (publication ISSN 1440- 
9593 information sheet 68), front 
airbags are estimated to have reduced 
light vehicle fatalities by 13% and side 
airbags have reduced fatalities by 4%. 

But other research quoted in that 
document makes an assumption that 
front airbags reduced fatalities by 25% 
for drivers and 20% for passengers in 
front impact crashes. 

It is difficult to ascertain the exact 
impact of airbags because they have 
accompanied many other safety up- 
grades in cars. 

Two major Australian automotive 
insurance companies were contacted 
by SILICON CHIP to ask about whether 
personal injury costs had decreased 


as a result of airbag use and what 
change there had been in car repair 
costs associated with airbags but the 
information was not provided. 


The future 


We will see more airbags and more 
sophisticated airbags installed in cars 
and other vehicles. 

New crash sensing algorithms, such 
as those based on neural networks, 
will also be developed to allow more 
intelligent airbag deployment. 

Airbags combined with other safety 
systems in modern cars will see driv- 
ing become even safer but it should 
not be forgotten that the ultimate 
responsibility for safer driving resides 
with the motorist. st 


Amsafe seat belt airbag in crash simulation with aircraft bulkhead in front of 
passenger. 
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You've probably heard the expression. But what is it? 


On: 


» The internet 
» OF Things 


Ask most people what is meant by “The Internet of Things” or 
IoT and you'll receive a blank look and an “ummmm”. Same with 
LoRa - occasionally, respondents will know it stands for Long 
Range but beyond that, little if anything. So what do these terms 
mean and why are they becoming more and more important? 


is a very recent development, say the last couple of 
years or so. 

It surprises many to find that the term was first used last 
century (OK, just — 1999!) by British entrepreneur Kevin 
Ashton. His vision, if you like, was a global network of 
“things” connected to radio-frequency identification (RFID) 
via the internet. IoT has gone a long way past that! 

However, this wasn’t the first time the concept was 
aired: in 1982, a modified Coca-Cola machine at Carnegie 
Mellon University in Pittsburgh, USA, became the first 
internet-connected device that wasn’t simply a terminal. It 
was able to report its inventory and whether newly-loaded 
drinks were cold. 

(Remember that the internet was originally “invented” 
for communication within, and between, universities — a 
relatively long time before it evolved into the internet as 
we know it today). 

Several papers in the 1990s hinted at what has become 
the IoT. One even suggested everything would eventually 
be tagged or digitally watermarked so that it could be rec- 
ognised. We haven’t quite got that far yet. 

Yet — barcodes and QR codes on virtually all manufac- 
tured products are going a long way to making the prophecy 
areality. We haven’t quite got to barcoding people (although 
many have inserted tags under their skin — see Dr David 
Maddison's article on “Biohacking” in the August 2015 
SILICON CHIP). 

Obviously, computers and networks have come a long, 
long way since those days. And as more and more people 
upgrade to faster and more powerful computers, and mi- 
grate to faster and much higher capacity broadband (did 
someone mention the NBN?) so the number of devices 
connected to the 'net and the sending/receiving of data 
has also grown enormously. 

So yesterday's dream has become today's reality — and 


Y: might believe that The Internet of Things (or IoT) 
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Internet-connected fridges (such as this Samsung) were set 
to become the “next big IoT thing" but while still available, 
haven't exactly set the world on fire! 
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Anything 


then some. Things connect to the internet 
which would have been unthinkable a 
decade or so ago. They have become 
the Internet of Things, almost 
always abbreviated to “IoT”. 

You might also see them 
referred to as “connected de- 
vices” and “smart devices” 
but we'll stick to the IoT 
moniker. 

It may be something as 
simple as having an on/ 
off switch which can be 
simply read, or perhaps 
even controlled, over the 
internet. Or it may be an 
incredibly complex piece of 
equipment with lots of moni- 
toring happening in real time. 

Even Governments are taking 
notice — in their 2015 budget, the 


Anytime 
Any Context 


Any Place 
Anywhere 


UK Government allocated forty mil- ES ee 


lion pounds to further research the IoT. 


What "Things" are in the IoT? 


This is one of the most attractive parts of the IoT — be- 
cause those "things" can be virtually anything that has the 
"smarts" to connect to the "net. That could be anything 
from a huge building (or even a whole town or city) to a 
circuit board you can easily fit in your pocket — and just 
about everything in between. 

And if they don't have those smarts, a tiny module — or 
even a chip — can be attached or embedded which gives 
them same. 

All they need is the ability to collect the required data 
and assemble it into meaningful packets, then transfer that 
to the internet. 

Smart City, Smart Grids and Smart Energy Management 
wouldn't be possible without IoT. If you haven't come 
across those terms yet, just wait a short time! 

We've all heard of internet-connected domestic fridges 
which can report low product levels (and even order re- 
placements in some cases), report power outages and tem- 
peratures and even, in some really clever cases, call your 
mobile phone to tell you that you've left the door open! 
Really clever? No, actually quite simple for IoT. 

Butthe things can also be much larger - the equipment in 
complex industrial plants, for example — and much smaller 
— such as the trackers regularly advertised in SILICON CHIP 
by KCS Trace-me (see outside back cover of this issue). 

You should be starting to get the idea that the capabilities 
of the IoT are unlimited. 

Let's bring it back to a personal level: you have a child (or 
a pet) who is prone to wandering off (or even grandpa with 
dementia!). Fit them with a tiny device (say on jewellery, 
a collar or even sewn into their pocket) and you'll never 
wonder where they have wandered to again! They will tell 
you, without even knowing they're doing so. 

What if grandpa had a pacemaker fitted? Yep, there are 
now IoT pacemakers! Without having to cut grandpa open 
again, they let the heart specialist know instantly if some- 
thing is wrong — with the pacemaker or grandpa! 

Vehicle manufacturers are now connecting cars as IoT 
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Any Device 
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INTERNET 
of THINGS 


Any Path 
Any Network 


devices. For example, the Nissan 
LEAF electric car calls Nissan in 
Japan every day and reports its 
operation. Nissan engineers 
know something is wrong 
before the driver! Simi- 
larly, those fortunate 
enough to own a Tesla 
will know their vehicle 
operating software has 
been updated with- 
out any involvement 
from them - I believe 
it's now on version 

8 and incorporates 

many "driverless car" 

features. And again IoT 
sends Tesla all the opera- 
tional data. 

There are almost endless 
applications in agriculture, 
many of which are already in 
existence. Stock can be fitted with 
low-cost IoT “tags” which can operate 

on many levels. At a minimum, they can 

operate as the human tracking example above — think of 

how much time and money would be saved when muster- 
ing a large herd of cattle. 

At a higher level, the tag could report on the animal's 
health; even ifit was pregnant or calving. Or it could report 
“market ready" parameters such as weight and fat content. 
At the same time, each of the dams on the property could 
be reporting their depth and the volumes of water being 
pumped. Each gate could be reporting if they were open 
or closed. The fuel tanks could not only report their levels 
but could call the fuel agent with an order for replenish- 
ment — all without human intervention. 

Then there's all the on-farm data which has been tra- 
ditionally gathered by hand: cropping information, soil 
moisture content, pH and chemical composition, for exam- 
ple. Now there are IoT applications to do it. (The Spanish 
company responsible for the graphic overleaf specialises 
in developing such applications). 

We've even seen one robot which traverses fields and 
identifies weeds (against a record kept somewhere else). 
If a weed is identified, the robot sprays it — and only it — 
with a herbicide. Remember, these robots don't require any 
human intervention. 


Getting the data out 


We've already mentioned a few types of IoT sensors 
but there is virtually no limit to what they are measuring/ 
reading and the data they are sending. 

Because each Thing is effectively a node on the internet 
it doesn't take too much imagination (read programming 
ability!) to work out that the data can be used for whatever 
the user wants to use it for. 

It also allows Things to work together to do certain 
tasks that they have been programmed for — for example, 
the same company that supplied the graphic on page 27, 
Libelium, recently told us the Dutch authorities are using 
IoT to keep track of users on the hundreds of kilometres 
of canals, lakes and inland harbours of The Netherlands. 
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It’s not just assisting in navigation, that is getting from 
point A to point B — paying tolls, for example. IoT can even 
automatically stop traffic on approach roads and open a 
lifting bridge as a riverboat or barge approaches and closing 
it once it has passed. 

Costs have been dramatically reduced because of the 
massive decrease in manned bridges! 


Where does the data go? 


Answer: anywhere you like! Having the data is one thing, 
using it is another. Ignoring (for a moment) just how the data 
gets from point A to point B, it is generally encrypted for 
security and sent to a server on the Internet — for example, 
to “The Cloud” (another term still not well understood). 

Somewhere else (hence, the Cloud) there is a program 
running to do something — anything from storing the data 
in a database which others can query via their device (eg, 
a notepad computer or mobile phone) or even have an ac- 
tion happen because of that data — “warehouse X is below 
stock on widget Y — refill". 

Usually, IoT relies on wireless connectivity. Sure, you'll 
find some IoT devices hard-wired but the vast majority rely 
on wireless, such as WiFi, Bluetooth, ZigBee and cellular, 
or emerging technologies such as LoRa (see panel) and 
cellular M2M (machine to machine). 

Indeed, it's wireless connectivity which has spawned a 
large part of the IoT. And conversely, the burgeoning IoT 
is also responsible for the rapid development of many new 
wireless technologies such as Sigfox, LoRaWAN, Symphony 
Link and Ingenu. 


IoT in action 

In the past, a piece of equipment in a factory might have 
had a thermostat on it, with an alarm sounded if it got too 
hot. With IoT, that thermometer has become many active 
temperature sensors, either flagging temperatures outside 
operational norms or, more likely, wirelessly reporting 
temperature data on a continuous basis to a computer in 
the maintenance area. It could then warn of unusual tem- 
peratures as part of that plant's ongoing records. 

So IoT simply means things which are able to connect to 
the Internet and send or receive data. Or more formally, a 
robust network of connected devices. How many devices? 
Atlast count, BILLIONS (but who's counting?)! The analyst 
firm Gartner says that by 2020 there will be over 26 billion 
IoT devices. Others say this is way too low — perhaps as 
many as 100 billion. 

In fact, the IoT is already having a major impact on our 
lives — and this is only going to grow as more and more 
devices join in. 

Just some of the benefits of IoT are: 

remote monitoring and control of equipment 

fault reporting (or better still, potential fault reporting 
before the fault occurs) 

fault action (self-repair, bypassing, etc) 

advanced data analysis and action 

more agile (and faster) communications networks 
automation 

real-time performance analysis 

reduced costs 

enhanced safety 

tracking "things" — knowing where they should be and/ 
or going where they should be! 
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About LoRa 


One of the more interesting wireless technologies emerging 
is LoRa. As we mentioned earlier, most people would know the 
name means Long Range - that's up to about 50km or so line- 
of-sight (LOS) in non-urban areas — but there is a lot more to it 
than increased range. 

For a start, it's very cheap to not only integrate into Things but 
is also cheap to use. With so much competition around these 
days, that's important! But what is it? 

LoRa is a radio modulation format that gives longer range 
than straight frequency-shift-keying (FSK). It uses a particular 
spread-spectrum technique called Chirp Spread Spectrum (CSS) 
and it uses forward error encoding in combination with whitening 
and interleaving, meaning the wireless signal is less prone to 
interference and/or errors and is therefore cable of being received 
over a significantly longer distance. 

To put that in simpler language, it has been described as a 
"frequency modulated (FM) chirp". (If you're really interested, 
the LoRa patent can be read in full at www.google.com/patents/ 
US7791415). 

It uses lower frequencies than WiFi, around 860MHz to 
928MHz (depending where you are) with a low transmitter 
power. Normally the lowest data rates mean the longest range 
and vice versa. 

Because of its very low power requirements, LoRa is ideal in 
battery-operated loT devices and has found many users in this 
area. Indeed the LORaWAN (LoRa Wide Area Network) specifica- 
tion (owned by Semtech) is intended for wireless battery-operated 
Things in regional, national and even global networks with data 
rates between 0.3kb/s and 50kb/s. While that may seem to be 
fairly low speed, the upper end of the standard can achieve some 
quite impressive results. 

The LoRa alliance is an open, non-profit association of 
members who believe that the loT era is now. It was initiated 
by industry leaders with a mission to standardise Low Power 
Wide Area Networks (LPWAN) being deployed around the world. 
LoRaWAN is a global specification created by the LoRa Alliance 
to drive a single standard for seamless interoperation across 
the industry. 

For experimenters, the good news is that LoRa modules are 
available forthe Arduino Waspmote and the Raspberry Pi, among 
other platforms. 


Key features of LoRa Technology and the LoRaWAN protocol are: 
e Long range — deep penetration in dense urban environments 
and deep indoor coverage with much longer range in rural areas. 
Low cost — reduces both upfront infrastructure investment 
as well as ongoing operating cost. 
Low power — the LoRaWAN protocol was made specifically 
for low power and enables multi-year battery lifetime. 
Standardisation — LoRaWAN ensures interopability among 
applications, loT solutions and telecom operators to speed 
adoption and deployment. 
Geolocation — enables tracking applications without GPS or 
additional power consumption. 
High capacity — supports millions of messages per base 
station, ideal for public network operators serving many 
customers. 
Security - embedded end-to-end AES128 encryption of data, 
ensuring optimal privacy and protection against unauthorised 
access. 
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Connected People Revenue O 


Source: Mario Morales, IDC 


* better service — and happy customers! 


Naturally, there will be some disadvantages: 

* potential for IoT devices (or their links) to be hacked or 
even infected, either for gain or simply malicious. 

* potential for IoT devices themselves to become clan- 
destine surveillance devices, reporting information to 
someone, somewhere... 

* fragility — there is increased reliance on a working in- 
ternet connection — and we all know how (unjreliable 
it can be! 

* reliance on power being always on, which comes at a cost. 

* increased bandwidth usage, which comes at a cost. 


Other IoT examples 

An internet-enabled security camera is a good example 
ofan IoT “Thing”. While it may only see a particular scene, 
many can also detect movement — and send a warning to 
somewhere else . . . over the internet. 

Atan "entertainment" level, it's people from all over the 
world playing games with each other — via the internet, obvi- 
ously. Then you have the hobbyists and tinkerers working 
out how to make their “things” do more, work faster, gain 
an advantage over their opponents .. . and much more. 

At a business level, it's about efficiency and security 
— efficiency in the way materials and goods are handled, 
transported, sold and used; security in all its iterations 
from to protection against loss or damage through to timely 
and accurate financial data. Mission-critical applications 
can benefit from assurance that every facet is where and 
when it is supposed to be and is operating exactly as it is 
supposed to be. 

Train cars passing a certain point can report their location 
and even what they have on board to a waiting receiver (it 
doesn't even have to be trackside) ready to be promulgated 
to a network. If a particular car doesn't report in, or if a car 
that isn't supposed to be in that train does, investigations 
can begin. 

Go larger yet again: sensors placed along a dam wall 
which measure the strain by sensing tiny changes in their 
location and feed the data, via the net, to a control room 
hundreds or even thousands of kilometres away. Beyond 


30 SILICON CHIP 


50 
* TRILLION 


7 | By ee of Data 


Embedded au- 
Intelligent System 


If you thought the IoT was big now, here is IDC’s forecast for just over three years away! 


a certain tipping point, alarms can be generated warning 
of possible collapse. 

These are just a few of the already-in-place IoT applica- 
tions. And there are thousands (or more likely hundreds 
of thousands or even millions!) more — with thousands of 
new ones every day. 

Because ofits relatively low cost, businesses and corpora- 
tions all over the world are jumping on the IoT bandwagon 
— and probably just as many start-ups help them to do so. 


Innovation 

IoT applications don't rely on expensive legacy pro- 
cesses or infrastructure. There are so many IoT processes 
and products emerging that bypass the bottlenecks of the 
past simply because the information required to do so is 
instantly available — and available at miniscule cost. 

An example? You've all seen those TV programs where a 
passenger relaxing in the airport bar, misses their boarding 
call and necessitates having their baggage removed from 
that flight. In the past, that was a manual search through 
the luggage of perhaps 300-400 people, with consequent 
delays in flights. Now, each bag can be tagged to say "here 
I am!" so it can be offloaded in minutes. And all the other 
bags can tell sensors their destination ports and be routed 
correctly. 

If you've experienced a lost bag you'll know how in- 
credibly frustrating it can be. So as airlines adopt new IoT 
technology, every bag will get to where it is supposed to 
—unless some human interferes and manually re-routes it! 

We mentioned safety earlier. One major power utility in 
the US placed IoT sensors on critical equipment to continu- 
ally monitor and predict faults. 

The data from those sensors (eg temperature, over- 
voltage, etc) translates into action, preventing blackouts 
and saving millions of dollars. 

Machinery and equipment in any industrial application 
will wear. IoT can report excess wear and/or failure so the 
company can determine immediately what needs attention 
or service, usually significantly in advance of when they'd 
know “the old fashioned way". 

Even if you don't think you're using the IoT right now, 
just stand by for the IoT explosion! 
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A “Real World” loT Application: MySignals Platform 
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As we went to press, an interesting email arrived promot- 
ing an loT device/application which ably demonstrates what 
the loT is capable of today. 

Its a product called “My Signals" and is described as 
a development platform for medical devices and eHealth 
applications. 

It measures more than 15 different biometric paramat- 
ers which are then sent to The Cloud, ready to be used 
(despite their all-encompassing disclaimer!) by health care 
professionals, specialists, researchers, OEM customers ... 
or even just to have an ongoing record of your own health. 

A device such as this could find a place in a doctor's sur- 
gery, with the doctor using as many sensors as appropriate 
to monitor and read his/her patient's symptoms. The doctor 
wouldn't even need to record the data because it would all be 
done automatically in that patient's file, to be either reviewed 
later or, if necessary, to be referredto a specialist for opinion. 

Conversely, it could be used in the patient's home (es- 
pecially remote patients) with the data sent to a central 
location for review. When you think about it, the applications 
are endless. 

As they say, "MySignals changes the future of medical 
and eHealth applications". 

"MySignals" is merely the starting point allowing both 
software and hardware developers to use the platform to 
think of a whole range of innovations in the health care field. 
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The €1599.00 Libelium *MySignals" kit contains more 
than 15 sensors as seen here. 
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App developers (who don't want or need to cope with hard- 
ware issues) have a quick prototyping platform to work with. 
Conversely, hardware developers, researchers and makers 
have complete access to the MySignals PCB and electronics. 

MySignals has a Libelium loT core with CE, FCC and IC 
certification. It includes cloud access along with Android 
and iPhone Apps. The hardware is also compatible with 
Arduino SDK so developers don't have to re-invent wheels. 
Data gathered by MySignals is encrypted, then sent to the 
developer's private account at the Libelium Coud. One year 
of free Cloud storage and history visualisation is included 
with the MySignals. 

There are models using WiFi, LoRa and cellular (3G/4G). 

Specific health research users can choose from any 
of the 15+ sensors used to monitor 20 biometric signals 
that are currently available, or can design and build new 
sensors which particularly suit their field. Current sensors 
include everything from scales and ECG monitors through 
to temperature, blood glucose and blood pressure monitors. 

The information about MySignals didn't come direct from 
Libelium but from Cooking Hacks, an associate, who special- 
ise in electronic kits and components for makers, universities, 
high schools and students who want to be a part of the loT 
revolution.Learning kits start at about $AU24.00 

You can contact them at: www.cooking-hacks.com; email 
info@ cooking-hacks.com or phone +34 (Spain) 976 547 492. se 
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Are you one of the many thousands doing the grand trek around Oz in an 
RV, caravan or campervan? Then you will know the problems with trying 
to charge up your “house” batteries during a long trip. This heavy-duty 
charger controller will enable you to charge those batteries much more 
quickly using your portable generator and a low-cost 40A or 50A charger. 


solar panels on the roof, getting your “house” batteries 

(ie, the one[s] in the aforementioned RV, caravan or 
camper, as distinct from your vehicle battery) quickly up 
to charge can be a real problem, especially if you arrive at 
the remote campsite late in the day. 

If you want power, there is no alternative to dragging out 
your portable generator and using it to charge your batteries. 

The big problem is that the limited 12V, typically 5A DC 
output from the generator's inbuilt charger can take forever 
to bring house batteries up to charge. 

That means running the generator for many hours — and 
that is not desirable at all. 

The idea for this project came to us from a "grey nomad" 
some time ago. Instead of trying to charge from his genera- 
tor's 12V output, he suggested using a cheap 
40A charger, powered by the 230VAC from the 
generator. That would bring the batteries up to 


E ven if your RV, caravan or campervan has a couple of 
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charge in a fraction ofthe time. Consequently, the generator 
would only need to run for a much shorter time. 

What a great idea! The portable generator is used much 
more efficiently, it uses a Jot less fuel and you don’t have to 
listen to the generator droning away for hours on end (nor 
do the other people who may be camping at the same site). 

However, there is a drawback with the idea (which was 
noted by the “grey nomad”). If you don't monitor the battery 
voltage closely, there is a considerable risk of over-charging 
and ultimately, boiling the batteries. 

A multi-stage charger won't necessarily solve this since, 
depending on its design, during the absorption phase it may 
hold the battery at a high enough voltage for long enough 
to cause vigorous boiling of the electrolyte. 

There is even a danger of a battery explosion with the 
emission of hydrogen during over-charging. 

Our project removes those risks. It moni- 
tors the battery while it is being charged and 
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PO NERTECE, 


when the voltage comes up 
to a preset value, say 14.4V, it 
disconnects the charger. 

Better still, about five sec- 
onds after that, it switches off 
the generator to restore the 
serenity. 

And best of all, it removes 
the need to watch the bat- 
teries yourself, so you can 
get back to the more serious 
campsite task . . . of relaxing 
and enjoying yourself! 

We should note that many 
modern switchmode chargers 
do incorporate proper 3-state 
or multi-state charging and so 
they may safely terminate the 
charge in a float condition. 

However, if you have large 
house batteries, say 200Ah 
or more, then even with a 
40A charger it will take many 
hours to bring them up to full 
charge. In that case, you might 
elect to only bring the batter- 
ies up to the “bulk charge" 
state, then terminate the 
charge and switch offthe gen- 
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* Suitable for 2 
or solar LE aha generators 


e Switches off chargin whe 
ao charged m 
V and 24V batteries catered f 
Adjustable full charge voltage er 
rad adjustment 
* Charge and power LED indication 
* Generator kill switch output option 


erator. Our Charger Controller 
will allow you to do that. 

Of course, this 50A charger 
controller can be used if you do 
have mains power on the camp- 
site. Then you don’t need to fire 
up the generator — just hook up 
the high current charger and 


TRANSFORMER WITH CENTRE TAPPED SECONDARY our Charger Controller to your 


240VAC 


house batteries and you can be 
TRANSFORMER sure that they will be brought 
up to full charge while you en- 
240VAC 
tour to consider building our 
Charger Controller. It can be 
used at any time with any basic 
charger which does not have 
chargers limit charging when 
the battery reaches full charge? 
ov The answer is that most, espe- 
Fig.1: most simple battery chargers are this simple, cially the lower-cost models, 


joy your idyllic surroundings. 
TRANSFORMER WITH UNTAPPED SECONDARY “end-of-charge” detection; most 
with only a transformer, rectifier and thermal cutout. | 2€ t00 simple: all most have 


Naturally, you don’t have to 
lower-priced ones don’t. 
It’s the peak voltage that actually does the charging. is a transformer and rectifier 


be a grey nomad on the grand 
So why don't basic battery 
diodes. 
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TO 
CHARGER 


Fig.2: the charger controller is connected in series with the positive lead from the 
battery charger to the positive terminal of the battery. The negative lead of the battery 
charger connects directly to the negative terminal of the battery. The negative “sense” 
wire, wrapped around the negative lead from the charger is needed for the charger to 
monitor the battery voltage and subsequently to interrupt the charging of the battery. 


Fig.1 shows two typical battery charger circuits, one 
using a centre-tapped transformer and two rectifier diodes 
or a single winding transformer with a four-diode bridge 
rectifier. 

Both feed rectified but unfiltered DC to the battery. 

The batteries are quite happy to be charged with this pul- 
sating DC; the problem occurs when charging is complete. 
The charger doesn’t know so keeps on pushing current in. 
The battery overcharges and... 

Similarly, if you have a bank of solar panels to charge a 
12V or 24V battery, there is the same risk of over-charging. 
Our Charger Controller can also prevent that from hap- 
pening. 


Circuit concept 

In essence, the 50A Charger Controller is connected in 
series with the positive lead of the charger to the battery. 
The controller has a 60A automotive relay which discon- 
nects the charger when the battery comes up to charge, all 
under the control of a PIC12F675 microcontroller. A second, 
smaller relay shorts a pair of wires from the kill switch on the 
generator. So it's a pretty simple concept, as shown in Fig.2. 

Fig.3 shows the full circuit. You can see the red conduc- 
tor from the charger positive output at the top right-hand 
corner ofthe diagram. It passes through the contacts of the 
60A relay and then out to the positive terminal of the bat- 
tery being charged. The output to the battery is also fed to 
an LM2940CT-12 3-terminal 12V regulator which produces 
12V to power the two relays, 
RLY1 & RLY2. 

On the left-hand side of 
the circuit, the charger out- 
put is fed via diode D3 to an 
LM317 adjustable 3-terminal 
regulator, which provides 
5V DC to run the PIC12F675 
microcontroller, IC1. 

The PIC monitors the 
battery voltage to detect the 
end-of charge and it controls 
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SPECIFICATIONS 


SUDPIV: ororena 12V or 24V battery charger 
Up to 50A 
Charge voltage: .......... Adjustable from 13.87V to 


16.36V for 12V battery and 
27.74V to 32.73V for 24V battery 
Battery drain: ............. With charger off, -10mA 


Kill switch output: ...... Contacts close for 5s, 
5s after charging is completed 


CONNECTOR 
FOR CABLE 

J| TO GENERATOR 
KILL SWITCH 


SENSE WIRE FROM 
CONTROLLER TO 
BATTERY NEGATIVE 


BATTERY 


the relays and drives the charge indicator, LED2. 


12V or 24V batteries 


This controller works with 12V or 24V chargers and lead 
acid batteries. The battery voltage is measured using a volt- 
age divider comprising a 100kQ resistor from the battery 
positive and two series-connected 22kQ resistors connecting 
to OV. Total resistance is 144kQ. The 22kQ resistors provide 
areduced voltage suitable for IC1 to measure battery voltage 
at its AN1 input. IC1 requires a voltage at its AN1 input of 
less than the supply of 5V and the voltage divider caters 
for both 12V and 24V batteries by changing over a jumper 
link that selects one of two positions in the voltage divider. 
Diode D4 protects against reverse battery connection. 

In the 12V position, the divider connection with the 
jumper (JP1) in the 12V position, comprises a 44kQ resist- 
ance (with the two 22kQ in series) and the 100kQ resistor 
with a division ratio of 44/144. This reduces 12V down to 
3.666V. At full charge, the battery is around 14.4V and so 
the divided voltage is 4.4V. 

For the 24V position, the jumper selects the lower 22kQ 
resistor and so the division ratio is 22/144. The reduced 
voltage becomes 3.666V when the battery is at 24V. At full 
charge of 28.8V, the divided voltage is once again 4.4V. 

Note that the reduced voltage that is applied to the AN1 
input of IC1 is the same for both 12V and 24V batteries. 
This means that IC1 can detect full charge for either a 12V 
or 24V battery just by changing the position of link JP1. 
Instead of using a jumper 
shunt to select 12V or 24V, 
an SPDT toggle switch on 
the front panel could be 
used in its place. 

The battery is deemed to 
be fully charged when the 
AN1 input rises above the 
ANO input. The ANO input 
is connected to a voltage di- 
vider across the 5V supply, 
comprising a 5kQ trimpot 
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$$ 12/24V SOA CHARGER CONTROLLER 


Fig.3: the microcontroller in this circuit (IC1) primarily acts as a comparator. It compares a sample of the battery 
voltage (at its AN1 input, pin 6) with a reference voltage its ANO input, pin 7. When the voltage at pin 6 rises above that 
at pin 7, IC1 switches on transistor Q1, to actuate relay RLY1 and interrupt the charge. 


(VR2) and the associated resistors in series to OV. 

VR2 is adjusted to set the required full charge voltage 
for the battery. For a 12V battery, VR2 is adjusted to obtain 
1.44V, measured between TP1 and GND, resulting in 4.4V 
at the ANO input. For a 24V battery, (with a full charge 
voltage of 28.8V) set VR2 for 2.88V between TP2 and GND. 

Note that the GND terminal is connected to the negative 
terminal ofthe battery. Without this connection, the Charge 
Controller cannot work. 

Relay RLY1 is controlled by the GP2 output of IC1 and 
this drives the base oftransistor Q1 which turns on the relay. 

Relay RLY2 is controlled by via the GP4 output and tran- 
sistor Q2. Diodes D1 & D2 are included to clamp the voltage 
spikes which are generated when the relays are turned off. 
If the diodes were omitted, there would be a risk that Q1 & 
Q2 could be damaged by the high voltage spikes. 


Charging sequence 

IC1 monitors the battery at the AN1 input and switches 
on relay RLY1 if the battery voltage is over 9V (or over 18V 
for a 24V battery). The relay contacts then pass the charging 
current from the charger to the battery. 

When the battery reaches full charge, the relay switches 
off to disconnect the charger. The battery is then continu- 
ously monitored and relay RLY1 will be switched on again 
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if the battery voltage drops to 12.5V or below, for a 12V 
battery, or below 25V for a 24V battery. 

Of course, if the charger is fed by a portable generator and 
the kill switch lead is connected, the generator will have 
been turned off and will have to be manually restarted for 
charging to re-commence. 

The charging indicator (LED2) flashes once each second 
during charging and stays fully on once the battery is fully 
charged. LED2 is off when the battery is disconnected (ie, 
below 10V or 20V). LED1 is on while ever the charger is on. 


Kill switch relay 

Relay RLY2 is included to switch off the generator once 
the battery charger has been disconnected by the main 
relay, RLY1. Relay RLY2 is switched on five seconds after 
RLY1 switches off, for five seconds. The kill switch lead is 
connected to a socket (which needs to be installed) on the 
generator, in parallel with the contacts of the generator's 
engine (kill) switch. 


Construction 

All the components of the Charger Controller are as- 
sembled onto a PCB coded 11111161 and measuring 122 
x 53.5mm. It is housed in a UB3 plastic case measuring 
130 x 68 x 44mm. 
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PCB GROUND LEAD (EXITS THROUGH CABLE GLAND, 
f CONNECTS TO BATTERY NEGATIVE TERMINAL) 


Fig.4: the component overlay and external wiring to the PCB. 
Note that the heavy duty wires are not shown here - see Fig.5. 


Before installing any components on the PCB, place it 
in the plastic case and mark out the position for each ofthe 
corner mounting points on the base. 

Fig.4 shows the component overlay of the PCB and the 
battery negative terminal and the kill switch socket. Fig.5 
shows the heavy duty wiring for the connections to the 
battery and charger. 

You can begin assembly by installing the resistors, using 
a multimeter to check the value of each before inserting 
it. (The table also shows the colour codes for each resis- 
tor value). Diodes D1-D4 and the zener diode ZD1 can be 
installed. These must be oriented as shown and be careful 
not to mix the diode types. 

(By the way, if you don't want to use the kill switch fa- 
cility, you can omit the components associated with it, ie, 
connector CON2, the 2-pin socket, relay RLY2, diode D2, 
transistor Q2 and its 1kQ base resistor). On second thoughts, 
you probably should install them because after you use it, 
you'll wonder why you didn't have the auto-kill facility! 

PC stakes can then be installed at test points GND, TP5V, 
TP1, TP2 and the relay terminal connections labelled 30, 
87, 85 and 86 and the four LED connections. 

Install the 3-way header for JP1. (Normally a jumper 
shunt is placed on the 12V or 24V battery position). If you 
intend to use the Charger Controller for 12V 
and 24V batteries, you may prefer to install 
an SPDT switch instead. Wire the 
switch directly to the header or via a 
3-way plug. 

Make sure you orient the socket 
for IC1 correctly and then install the 
capacitors. The electrolytic types must 
be oriented with the shown polarity. 

The two 3-terminal regulators are 
mounted horizontally onto the PCB 
with their leads bent to fit into the PCB 
holes. REG2 is installed onto a small 
heatsink. Both regulators are secured 
using an M3 x 6mm screw and M3 nut. 

The trimpots can be mounted next. 
VR1 is 100 (coded 101) and VR2 is 5kQ 
(coded 502). Make sure they are oriented with the adjusting 
screw as shown in Fig.4; that gives increasing voltages with 
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SOCKET FOR ÆN 


INSIDE OF RIGHT-HAND 
END OF BOX 


clockwise rotation of the adjustment screws. 

Relay RLY2 goes in next but leave the main relay, 
RLY1, until the heavy duty wiring is done. 

Next, install the two LEDs. We mounted ours so 
that the top of the LEDs are 34mm above the PCB, 
which makes them visible through holes in the top 
lid of the case. 

Before installing IC1, we recommend adjusting 
trimpot VR1 for a 5V output. To do this, connect a 
12V supply between GND and the anode of diode 
D3. Then adjust VR1 for a reading of 5.0V between 
GND and TP5V. 

If you intend to program IC1 yourself, hex file 
1111116A.hex can be downloaded from the SILICON 
CHIP website (PICs for this project purchased from 
SILICON CHIP will already be programmed). Install 
the programmed PIC into its socket, mak- 
ing sure it is oriented correctly. 

Before installing RLY1, 
the terminals numbered 
30 and 87 will 
need to be 
wired to 


with Fig.5 opposite. 


Compare this photograph 


56A red cable. 

Cut two 90mm lengths of the cable and strip back the 
ends of insulation by about 5mm. Solder or crimp (or 
crimp and solder) one end of each wire to a large eyelet 
connector. The other ends of the cable are soldered to 
terminals 30 and 87. 

Note that the soldering to the No.30 relay terminal should 
be made on the side that is near to the No.86 terminal to 
avoid any possible shorting to the No.87 PC stake on the 
PCB. Wire as shown in Fig.6. At the same time, solder short 
(30mm) lengths of hookup wire to each of the 30, 85, 86 and 
87 terminals ready to solder to the PC stakes on the PCB. 
Cover the bare terminals with 10mm diameter heatshrink 
tubing and solder the hookup wires to the PC stakes before 
securing the relay with an M5 bolt and nut. 

The PCB is mounted on four 6.3mm standoffs at each 
corner of the PCB. Use the M3 x 5mm pan head screws to 
secure to the PCB. If you are wiring the kill switch output, 
its socket can be installed on the end of the case now. 


Drilling the case 

Drill out the four 3mm corner mounting holes in the base 
of the case where marked previously. Countersink the holes 
if you intend to use countersunk screws. Drill out holes in 
the sides for the two M8 screws and the cable gland. You may 
need to use a reamer to open out to the required diameter 
if you do not have a drill large enough. 

The centre of the holes need to be near to the top edge 
of the box but no closer than 12mm from the top. See Fig.5 
for details. 

As previously mentioned, the battery charger red (posi- 
tive) wire for the positive connection on the battery needs 
to be cut and each end terminated to a large eyelet. These 
attach to the Charger Controller, as shown in Fig.2. The sense 
wire from negative battery charger clip is passed through 
the end ofthe case via a cable gland. The wire wraps around 
the OV charger wire and is connected to the charger's 0V 
battery clip. You should be able to solder or crimp the sense 
wire to the battery clip or connect it via a crimp eyelet that 
is attached to the battery clip with a screw and nut. 


Panel label 


Front panel artwork can be downloaded from www. 
siliconchip.com.au We have provided two versions: one 
as we show overleaf and the other with provision for a 
12V/24V battery switch. 


TO 
BATTERY 


EYE TERMINAL LUGS (TWO ON EACH SIDE) 


M8 x 15mm 
HEX BOIT 
& NUT 


NOTE: FIT HEATSHRINK SLEEVES OVER EACH CABLE ENTRY INTO ITS EYELET, 
ALSO OVER SOLDER JOINTS TO RELAY LUGS 87 & 30 


Fig.5: this diagram shows the heavy-duty cables running 
from the relay (RLY1) to the eye terminal lugs, thence to the 
charger and the battery. 
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Parts list - 
50A Charger/Controller 


1 PCB coded 11111161, 122 x 53.5mm 

1 UB3 plastic case, 130 x 68 x 44mm 

1 panel label, 120 x 60mm 

1 12V 60A automotive relay (Jaycar SY4074, Altronics 
$4339) (RLY1) 

1 SPDT 12V 10A relay (Jaycar SY4050, Altronics S4170A) 
(RLY2) 

1 2-way screw terminal, 5.08mm spacing (CON2) 

4 eye terminals with 8mm eyelet hole, for 10mm? wire 
(Jaycar PT-4936) 

1 180mm length of 56A red automotive cable 

1 2m length of medium duty black hookup wire 

1 TO-220 heatsink, 19 x 19 x 9.5mm 

1 8-pin DIL IC socket 

1 cable gland for 3-6.5mm diameter cable 

1 3-way header with 2.54mm spacings (JP1) 

1 pin header shunt (for JP1) 

1 SPDT toggle switch (S1) (optional — used instead of JP1 
shunt) 

2 2-pin chassis-mount male microphone sockets (Jaycar 
PP-2013 or equivalent) 

2 2-pin female microphone plugs (Jaycar PS-2014 or 
equivalent) 

2 M8 x 16mm bolts and nuts (NB: NOT PASSIVATED) 

1 M5 x 10mm bolt and nut (to secure RLY1) 

4 M3 tapped 6.3mm standoffs (for PCB mounting) 


8 M3 x 5mm pan head screws (or 4 M3 x 5mm countersunk 


and 4 M3 x 5mm pan head) (for PCB mounting) 
2 M3 x 6mm pan head screws (for REG1 and REG2) 
2 M3 nuts (for REG1 and REG2) 
12 PC stakes 
1 200mm length of red 10mm diameter heatshrink tubing 
2m (or more) of double-sheathed 2-core cable (for kill 
switch cable from charger to generator) 


Semiconductors 

1 PIC12F675-I/P microcontroller programmed with 
1111116A.hex (IC1) 

1 LM317T adjustable regulator (REG1) 

1 LM2940CT-12 low dropout 12V regulator (REG2) 

2 BC337 NPN transistors (Q1,02) 

1 39V 1W zener diode (ZD1) 

4 1N4004 1A diodes (D1-D4) 

1 3mm red LED (LED1) 

1 3mm green LED (LED2) 


Capacitors 

1 470uF 50V PC electrolytic 

3 10uF 16V PC electrolytic 

1 470nF 63V or 100V MKT polyester (code 473) 
2 100nF MKT polyester (code 103) 


Resistors (0.5W, 1%) 

1240kO  1100kO0 222kQ = 110kQ 
41kQ 13000 12209 11200 
1 1000 multi-turn top adjust trimpot (VR1) 
1 5kQ multi-turn top adjust trimpot (VR2) 


2 9.1kQ 
11000 1W 
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You have several options for producing a front panel 
label. One is to print it onto clear overhead projector film, 
using film suitable for your type of printer, and as a mir- 
ror image so the printed side is protected against the lid. 
With a black lid you need to attach the label with a light 
coloured silicone sealant, so the printing can be seen 
against the silicone. 

Alternatively, you can print onto an A4-sized synthetic 
“Dataflex” sticky label that is suitable for inkjet printers ora 
“Datapol” sticky label for laser printers. (Google “Dataflex” 
or “Datapol” for more information). 

Then affix the label using the sticky back label adhesive 
and cut out the required holes with a hobby knife. 


Setting the full-charge voltage 
As mentioned, you would typically set the voltage at TP1 
and TP2 to 1.44 and 2.88V. That’s gives a full-charge volt- 
age of 14.4V for a 12V battery and 28.8V for a 24V battery. 
However, the manufacturer of the battery you are us- 


ResistonColouncodes) 


4-Band Code (1%) 

red yellow yellow brown 
brown black yellow brown 
red red orange brown 
brown black orange brown 
white brown red brown 
brown black red brown 
orange black brown brown 
red red brown brown 
brown red brown brown 
brown black brown brown 


No. Value 
240kQ 
100kQ 
22kQ 
10kQ 
9.1kQ 
1kQ 
3000. 
2200. 
1200 
1000* 
*1W 


DODDOODOCDDGO 
= = = ss wpe H- NM — — 


38 SILICON CHIP 


5-Band Code (1%) 

red yellow black orange brown 
brown black black orange brown 
red red black red brown 

brown black black red brown 
white brown black brown brown 
brown black black brown brown 
orange black black black brown 
red red black black brown 
brown red black black brown 
brown black black black brown 


in the jiffy box complete with the 
mt cabling. Note the thinner negative 
sense wire (black) which passes through the cable 
gland and thence wraps around the positive and 
negative wires and terminates on the negative 
battery clip. 


A = 8mm diameter 
B = 12mm diameter 
C = 15mm dia. 


chair yuh Fig.6: 
drilling detail 
for the 8mm 
bolts on each side 
(A), along with the 
cable gland (B) and 
microphone socket (C) 
on the end of the box. We 
haven’t shown the four 
3.5mm PCB mounting holes in 
the bottom of the box - use the 
PCB itself as a template for these. 


SHOWN FOR 
CLARITY 


ing may recommend a higher (say 14.8V) or a lower (say 
13.9V) voltage for a 12V battery (and twice those figures 
for a 24V battery) and it might need to 
be reduced for elevated temperatures. 
Check with the manufacturers' speci- 
fications for details on how much re- 
duction with temperature is required. 

You can check the charge voltage 
by measuring the battery voltage as it 
reaches full charge and charging stops 
and the charge LED continuously lights. 

If you missed the full charge point, 
switch offthe charger and then reapply 
power and measure the battery again 
at the point where charging ceases. 
Increase the voltage setting for TP1 
or TP2 if the battery charge voltage is 
set too low. 
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Fitted into its jiffy box and cables fitted, the Charger Controller is ready to be connected as shown in Fig.2. Note that the 
8mm bolts, washers and nuts should be zinc-plated steel or preferably, stainless steel. Don't use passivated bolts — they're 


usually not good conductors. 


Modifying your generator for a controlled kill! 


As explained in the text, one of the best features of this 
Charger Controller is that it will automatically turn your 
generator off when charging is complete. 

But to do this, a small “mod” is necessary — you need to 
parallel the generator's "kill" switch with a two-wire cable 
back to the charge controller "kill" relay (RLY2). 

Exactly how you do this depends to a large extent on 
your generator. Basically, you need to find space on the 
control panel to mount a two-pin socket — its mating plug 
carries the "kill" command from the charger/controller. 

Five seconds after the charge is completed, it shorts 
out the kill switch for five seconds (to ensure the generator 
really does turn off!). 

We modified a Powertech 1kW AC/DC generator which 
we obtained from Jaycar Electronics some time ago. Un- 
fortunately, this model is not stocked any more — but the 
basic arrangement is the same for most small generators. 

All you need do is find somewhere on the panel to mount 
the socket so that it doesn't foul anything inside when the 
panel is replaced on the generator. 

We used two-pin microphone sockets on both the charg- 
er controller and the generator. They're about the smallest 


* £ Ñ| OVERLOAD PILOT Y7 


~230V ACE 


we could find but the big advantage is they have captive 
(screw-in) plugs and so ensure a reliable connection. 

It's then simply a matter of soldering on a short length 
of two-wire cable from the socket to the terminals on the 
kill switch (which may be labelled as “ENG SW" or similar), 
making sure that the kill switch operation is not disturbed. 

Make up a cable as long as is required with mating plugs 
and you're ready to rock and roll . . . in silence! 

Building it in 

Most RVs, caravans, etc, these days have a separate 
"battery box", more often than not accessible from outside. 
Unless yours is really crammed full of batteries, it seems 
like a good idea to mount the charger/controller inside 
the same box. 

Whatever you do, make sure the mounting is solid — 
you don't want the unit shaking loose halfway up the 
Oodnadatta track! An extra strap around the box would 
be a worthy "belts and braces" approach. 

Naturally, you'd run the generator outside the van (watch 
those carbon monoxide fumes!) but connecting cables 
could stay readily accessible in the battery box. st 


The modified control panel of the Powertech (Jaycar) 1kW Generator. At left is the two-pin microphone socket we 
added (about the only spot possible!). Centre is a close-up of the wiring and right is the panel about to go back in. 
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SERVICEMAN'S LOG 


Odd happenings in my new house 


You never know what problems are going 
to crop up when you move into an old 
house and start renovating. In my case, we 
encountered some decidedly dilapidated 
electrical wiring but after tidying it up, we 
were hit with a puzzling power outage. 


I reckon that the house we’ve just 
moved into is cursed in some way. 
Weird things have been happening 
from the day we started renovations 
but there’s no evidence of an old crone 
ever living here and I’m reasonably 
sure that the house isn’t built over an 
old burial ground. So perhaps all the 
odd things that have happened can be 
put down to plain old bad luck or to 
my seemingly ever-present compan- 
ion, Murphy. 

The first “peculiar” event concerned 
our mains power. During the course of 
our renovations, we had the walls and 
ceilings stripped naked and so had a 
golden opportunity to check out the 
wiring, much of which was showing its 
age. The main part of the house went 
up 1966 and it was mainly this area 
that we were renovating. This meant 
that we were dealing with the original 
60s-era building materials and wiring. 

In one case, I had removed a light 
fitting from the ceiling and after undo- 
ing all the screws and pulling it down, 
much of the exposed insulation on the 
wires fell away in small, brittle frag- 
ments. This left about 40mm of ex- 
posed copper wiring looking very dan- 


gerous and in obvious need of replace- 
ment. My reaction at the time was that 
if the rest of the wiring was anything 
like that, we were going to have some 
real problems. 

This section of the house was built 
just like most other houses in this 
country at the time. It was all quite 
basic, with no fancy extras such as 
under-floor, wall or ceiling insulation. 
And with typically only one notori- 
ously inefficient open fireplace located 
in the family room to heat the whole 
house, residents were obviously ex- 
pected to weather the savage Christch- 
urch winters with nothing more than 


I WAS STRAIGHT UP WITH HIM & ACCEPTED 


THAT IF THE FAULT WAS DOWN TO ME, 
ID BE UP FOR THE COST OF THE REPAIRS 
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Dave Thompson* 


ItemsiCoveredimhisiMonth 


Gremlins in Dave's new house 


€ Bosch BSG82030AU/01 
vacuum cleaner 


@ Sharp microwave oven repair 
€ Fuses can be deceptive 


€ Merlin Powerlift garage door 
opener 


grim fortitude and a pioneering spirit! 
During our renovations, we took the 
opportunity to rectify that situation by 
adding decent insulation and the dif- 
ference it made was remarkable. 

Because the majority of the down- 
stairs wiring was still original, it was 
replaced wherever it was possible to 
access it. To be honest, the wiring was 
a mess due to circuits being added over 
the years. Some circuits disappeared 
off with no apparent destination, or at 
least none that we could trace. 

There was also an outside light 
mounted on a faux Victorian light- 
ing standard that was never used be- 
cause the previous owners didn't know 
where the switch was or even ifit exist- 
ed. We borrowed some nifty electronic 
tracking tools from a sparky friend that 
allowed us to map out the fuses and 
switchboard to the various power and 
lighting circuits around the house. In 
the process, we located several power 
feeds that didn't go anywhere at all, 
disappearing at various locations into 
the joinery and back out but not termi- 
nating in any outlets or switches. These 
were stripped out to avoid confusion. 

To accomplish this as safely as pos- 
sible, we removed the pole fuse, which 
was a large ceramic-bodied, bayonet- 
fitting fuse arrangement mounted (con- 
fusingly) on the edge ofthe roof. It con- 
nected the house wiring to the mains 
feed coming in from the street. Ac- 
cording to my electrician friend, it was 
rated at 65A and was easily removed 
by turning it 90? anti-clockwise until 
it dropped free. 

With the pole fuse removed, the 
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house is theoretically isolated from the 
grid. Even so, Iran all my mains-detec- 
tion devices over the switchboard be- 
fore going anywhere near it, wary that 
some cowboy may have wired things 
up badly at some stage in the past and 
that this could catch out amateurs 
like myself. For those concerned read- 
ers, I can assure you that our friendly 
sparky — who but for very recent sur- 
gery would have been doing more of 
the physical work himself — oversaw 
every stage of the process. In fact, I ran 
everything by him (before and after) to 
make sure it was up to code and to en- 
sure I wouldn’t be killed in the process! 

In the end, we examined all the wir- 
ing we could access and removed any 
that looked even slightly dodgy. In the 
process, we found one circuit in the 
80s extension where four power sock- 
ets had been cabled in using wire in- 
tended for lighting circuits. We re- 
moved all of it right back to the switch- 
board and replaced it with new wiring 
with the correct specification. 

Most of the wire used by the original 
electricians was a flat, twin-core type 
with a plain copper earth wire buried 
down the middle of the insulation. 
Anything utilising this type of cable 
was replaced with modern triple-core 
flex with a separate (and properly-insu- 
lated) multi-strand earth wire. In addi- 
tion, every socket and light switch was 
replaced with new, modern plates and 
switches and any sockets used in wet 
areas included inbuilt RCDs. 

Over the years, the switchboard had 
become a bit of a rat’s nest, with what 
seemed like a separate circuit and fuse 
for every individual socket and light 
switch. We ended up replacing two of 
the buss bars due to the old ones be- 
ing full to the brim with wiring and 
because both also had several stripped 
connectors, meaning those particular 
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holes could no longer be used. 

Because there was literally no room 
left in the switchboard, we had to cull 
some of the circuits and combine oth- 
ers where possible so that we could 
add some heavy-gauge cabling and 
breakers for new heat pumps and a 
new oven. As a final upgrade, we re- 
placed the old ceramic and wire fuses 
with circuit breakers. This was a rea- 
sonably expensive job given the price 
of the circuit breakers but one well 
worth doing. 

In the end, we did a lot of electrical 
work and I thoroughly enjoyed do- 
ing it under my friend’s supervision, 
acquiring a few new skills and some 
good knowledge along the way. (Edi- 
tor’s note: unlike Australians, New 
Zealanders are legally entitled to do 
house wiring but it must conform to 
AS/NZS 3000 standards and must be 
inspected and signed off by a licensed 
electrician). 


~BUT THERE’S 
NO EVIDENCE OF 
AN OLD CRONE 


EVER LIVING HERE... 


While the floors were up in various 
places, we decided to overhaul the 
plumbing system by replacing all the 
rusting old galvanised water pipes we 
had access to with butylene equiva- 
lents. However, this impacted on our 
electrical system because many old- 
er homes utilise the metal plumbing 
structures for mains earth purposes. 
This means that removing old metal 
pipework can leave the house in a po- 
tentially dangerous state. 

To rectify this, my sparky overseer 
stated that as we didn’t appear to havea 
dedicated earth point for the house, we 
had to add one. To this end, we sourced 
the required 2-metre-long earth rod 
from a local supplier and drove it the 
regulation 1.8 metres into the ground 
right beside the house. After attaching 
anew earth cable to it (and the manda- 
tory plastic tags warning about remov- 
ing it), the wire was run through the 
house’s framework and terminated at 
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A vacuum cleaner that doesn't suck 
sucks. S. G. of Brookvale, NSW got this 
one sucking again... 

Lesley’s vacuum cleaner, an 8-year 
old Bosch BSG82030AU/01 unit with 
variable suction control, was sucking 
up the dust quite nicely one day when 
suddenly its “suck” disappeared. It was 
so sick that it could hardly vacuum up 
fluff from a tiled floor, while on carpet 
it was completely useless. 

The first thing Lesley did was poke 
a flexible hose through the wand as- 
sembly and the floor nozzle to clear 
any possible obstructions. They proved 
to be clear, so Lesley replaced both 
the collection bag and the motor pro- 
tection filter that sits behind this bag, 
in front of the motor intake. The so- 
called “HEPA’ filter that sits in the ex- 
haust outlet was also inspected but it 
appeared to be clean and was left in 
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place (HEPA is an acronym for “high 
efficiency particulate arrestance", in 
case you’re wondering). 

The collection bag and motor pro- 
tection filter replacements failed to 
cure the problem and so, after inspect- 
ing the hose/wand assembly for dam- 
age, Lesley threw her non-sucking 
vacuum cleaner into her car and took 
it to an appliance repair centre. When 
she collected it several days later, they 
told her that the problem had been 
fixed by installing a new HEPA filter 
and billed her accordingly. 

Well guess what; the new HEPA 
filter made no difference although in 
fairness to the service centre, it was 
easy to be misled as the machine ap- 
peared to have reasonable suction at 
the hose connection socket. 

At that point, | offered to take a look 
at itand Lesley demonstrated the fault 
to me before handing the machine 
over. During this process, we discov- 
ered that the motor speed could be 
varied only up to about half-way. Mov- 

ing the suction control over the top 
half of the range had no further 
effect, the motor speed remain- 
ing constant. 

My initial thoughts were that if 
the motor speed could be varied 
over the first half of its range, then 

there probably wasn’t much, if any- 
thing, wrong with the motor control 
module. Perhaps it was nothing 
more than a faulty pot on the 


© 


control module or a simple mechanical 
fault in the speed control mechanism? 


Google to the rescue 

Now I’m no vacuum cleaner repair- 
man, so the first problem was to fig- 
ure out how to remove the top cover 
from the rear half of the unit, so that | 
could get at the speed control assem- 
bly and motor control board. Lifting up 
the cover above the dust collection 
bag revealed two self-tapping screws 
that clearly had to be removed, while 
another two were hidden deep down 
in wells under the HEPA filter cover. 

However, even with all four screws 
undone (and the collection bag and 
filters removed), the top cover stub- 
bornly refused to budge. | searched 
for extra screws on top but there were 
none, so | looked at the base of the 
unit. There were no screws visible 
there either, so were they hidden un- 
der the steerable wheels and if so, how 
did the wheels come off? 

That’s where Google came to my 
rescue. A quick search on disman- 
tling this unit revealed that you have 
to prise off the two rear wheels using 
a flat-blade screwdriver. This then re- 
veals plastic clips on either side of the 
unit and releasing these allows the 
top cover of the machine to be lifted 
clear (after pulling the power cord part 
way out). 

With the top cover out of the way, | 
took a look at the speed control drive 
mechanism. This is nothing more than 
a plastic spindle with a curved blade 
which runs between the two fingers of 
a Nylon slider bracket. As this bracket 
is slid one way or the other along its 
mounting rail, the spindle rotates and 
drives a potentiometer on the con- 
trol board. 

Basically, it's a very simple gear 
mechanism that converts a linear con- 
trol action into a rotary control action 


THROUGH THE NOZZLE (OK, A to drive the pot. 
| SLIGHT EXAGGERAT ION) As it turned out, the problem was 


the switchboard’s ground bus. 

The thing is, without a profession- 
al electrician guiding me, I likely 
wouldn’t have even considered the 
ramifications of changing the plumb- 
ing. And that’s precisely why DIY/cow- 
boy electricians and plumbers can be 
so darned dangerous. Electrical and 
plumbing work should both be left to 
those who know what they are doing! 
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As another example, during the 
quakes we dealt with so many pro- 
longed power outages that a lot of res- 
idents purchased petrol-driven gener- 
ators to keep their essentials running 
(myself included). However, I heard 
of several instances of people receiv- 
ing severe electric shocks due to near 
neighbours connecting generators to 
their household supply and thus to 


the grid because an isolating switch 
wasn't used. 

In the process, they inadvertently 
“livened up" neighbouring properties 
where the householder had assumed 
the power was off-line. A few discov- 
ered that their wiring was in fact live 
the wrong way and it's indeed fortu- 
nate that no-one was killed. 

I'll now get to the main point of this 
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The speed control (left) rotates a curved spindle which in turn rotates a pot on 
the motor control PCB. The photo at right shows the partly-cleaned intake blades. 


staring me right in the face — the Nylon 
slider bracket had somehow become 
detached from the curved blade on the 
spindle. All | had to do to re-engage it 
was slide the Nylon bracket off its rail 
at the low-speed end, then slide it back 
on again with the spindle’s blade posi- 
tioned between the brackets fingers. 

Once it was on, | applied power and 
gingerly varied the slide control, all 
the time taking great care to keep my 
hands well clear of the control board 
which operates at mains potential. And 
that was it — the motor speed could 
now be varied right across the control 
range and the motor could now be run 
at its top speed. 

Job done, | thought, so | reassem- 
bled the machine, gave it a quick test 
and returned it to its owner. 


Round 2 


My triumph turned out to be short- 
lived. Lesley subsequently reported 
that although the machine was now 
working reasonably well, it still wasn’t 
performing at its full potential. Ap- 
parently, at the maximum setting, it 
should suck an elephant through the 
nozzle (OK, a slight exaggeration) 
but it was still nowhere near capable 
of doing that. 

And so | faced up to Lesley’s baulky 
Bosch for round two. | began by care- 
fully examining the hose and wand 


story (it’s been a long time coming, I 
admit). Anyway, half-way through the 
renovation process, we'd plugged the 
pole fuse back in so that we could test 
some of the lights and switches we'd 
installed. However, while we were 
checking things out, the power sud- 
denly went off. 

This was rather odd as we weren't 
really doing anything at the time. And 
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assembly, looking for blockages and 
air leaks. This revealed nothing, so | 
dismantled and cleaned the floor noz- 
zle but again found nothing that would 
cause loss of suction. 

The suction control was still cor- 
rectly varying the motor speed over 
its full range, so that indicated that the 
control module itself was OK. It was 
beginning to look like there might be a 
blockage or a restriction near the mo- 
tor somewhere. 

| dismantled the machine once 
more, unclipped the top cover from 
the motor housing and lifted the mo- 
tor clear. Once again, the problem 
was staring me in the face; the intake 
blades at the front of the motor were 
badly covered with a build-up of hair, 
dust and fluff (see photo). It was so 
bad, it was a wonder that the machine 
ran as well as it did. 

Fairly obviously, this problem had 
been building up for some time but 
because the loss of performance had 
been gradual, it largely went unno- 
ticed until the speed control mecha- 
nism went haywire. 

| removed the fluff from the intake 
blades using a flat-blade screwdriver 
and a soft brush, then used my own 
vacuum cleaner to suck out any re- 
maining debris. The reassembled ma- 
chine then really did have lots of “suck” 
and has many years of life left in it yet. 


while we still had some un-terminated 
live cables hanging out of the walls, 
everything was well-insulated with 
tape, so I was reasonably certain that 
we hadn't caused the outage. 

We initially went outside and check- 
ed the pole fuse, half expecting it to be 
fried, but it was intact. A quick check 
with a neighbour then confirmed that 
there wasn't a general power outage, so 


there was definitely something wrong 
with our mains supply. All we had to 
do was find out what the problem was. 

Over the previous few days, we'd 
been installing LED lights in the kitch- 
en, laundry and bathroom and I'd no- 
ticed that they sometimes flickered 
when they were on. At the time, I 
thought that this was probably due to 
the fact that we still had a lot of con- 
nections to tidy up in the switchbox 
and my electrician friend agreed with 
this, as some connections can loosen 
with age, 

As it turned out, a lot ofthe connec- 
tions on the switchboard fuseholders 
required at least two screw turns to 
fully tighten them. Unfortunately, 
although this reduced the flickering 
somewhat, it still remained right up 
until the power completely failed. 


Tracking it down 

With full access to a range of elec- 
trician’s tools and gadgets, I was confi- 
dent we'd be able to quickly track down 
the cause. I began by climbing back up 
the ladder to the pole fuse. We'd been 
mucking around with this, so it was a 
natural place to start. My contact-less 
mains detector showed power flow- 
ing in from the street and up to where 
it entered the ceramic pole fuse hous- 
ing. From that point on though, I was 
unable to detect anything, so it had to 
be the fuse, didn't it? 

I removed the fuse and had a good 
look at it under a magnifying lamp. Its 
contacts, though aged and a bit cor- 
roded here and there, appeared fine 
and the fuse checked out OK on my 
multimeter. I then used my diamond 
contact shaping file and some fine-grit 
sandpaper to clean up both the hold- 
er and the fuse contacts but this made 
no difference; we still had no power. 

Next, I took a closer look at the mains 
feed where it entered the fuseholder 
and discovered that the insulation 
had bubbled and discoloured — obvi- 
ous signs of overheating. This could 
certainly have something to do with 
the problem but I wasn’t going there. 
I'd made (and was obeying) a self-im- 
posed rule of touching nothing on the 
incoming side of the pole fuse and in 
any case, I wasn't authorised to do so. 
Nor did I have the knowledge or the 
courage to muck around with a live 
mains feed. 

My sparky mate confirmed that we’d 
have to get hold of the power company 
to go any further and they had a guy out 
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to my house within a couple of hours. 
I was straight up with him about what 
we'd been doing and accepted that if 
the fault was down to me, I would be 
up for the cost of the repairs (the stand- 
ard operating practice for most utility 
companies). 

As expected, the linesman had all 
the right tools; a proper wooden ex- 
tension ladder, a heavy-duty safety 
apron and rubberised gauntlets (or long 
gloves). After listening to my theory 
about the dodgy-looking feed wire, he 
checked the meter box before climb- 
ing up to the pole fuse. He did what 
I'd done to test it, with the same result, 
and agreed that the signs of overheat- 
ing were a concern. 

And then, as soon he touched the 
wire, it dropped clear of the pole fuse. 
“There’s your problem,” he comment- 
ed dryly! On closer inspection, it had 
corroded through, probably over many 
years, heating up as each strand gave 
way and less wire carried more cur- 
rent until it picked this moment to 
finally let go. 

His initial plan was to simply re- 
attach the cable to the pole fuse, tidy 
it up and carry on but one of the two 
brass screws that fastened the cable 
into the ceramic holder sheared off as 
he tried to release the burned-off end. 
This triggered a chain of events that en- 
tailed a new pole fuse being installed 
and even a whole new pole! 

The reason for this is that new pole 
fuses need to be mounted at a certain 
height but our old pole was too short 
to comply. That meant that a new one 
had to be installed. 

In the end, it was a different and a 
much more modern arrangement. Best 
of all it finally restored power to the 
house so we could carry on with our 
renovations. 


Sharp microwave oven repair 


Microwave ovens are now so cheap 
that most people immediately replace 


a faulty unit with a new one. Not so 
J. N. of Tauranga, NZ. When the dis- 
play on his microwave oven failed, 
he fixed it instead of consigning it to 
landfill... 

We've owned a Sharp Carousel mi- 
crowave oven for some time now and 
it has suited our purposes admirably. 
Unfortunately, its display suddenly 
disappeared one day but all the other 
functions were still fine. 

As a semi-retired electrical/elec- 
tronics technician, I like to do any re- 
pairs on our home appliances myself 
and this Sharp microwave was no ex- 
ception. I began my investigation by 
dismantling its front panel and found 
a single PCB mounted behind the dis- 
play. I then downloaded the matching 
circuit diagram from Sharp's website. 

It didn't take me long to realise 
that the combined display/processor 
IC had simply given up powering the 
display. I then contacted a Sharp parts 
supplier but they couldn't supply the 
PCB alone, instead quoting for a com- 
plete front panel and PCB for NZ$199 + 
GST. I declined; for that sort of money, 
I could buy a new microwave! 

I was not about to give up that eas- 
ily, however. I had the Sharp part num- 
ber for just the PCB, so I surfed the net 
for a replacement. Amazingly, I came 
across the exact replacement on eBay, 
complete with the front panel, for an 
outlay of just NZ$49 landed in NZ. 

When it arrived, I swapped over the 
power supply transformer from our 
old unit in keeping with our 230VAC 
mains input, since the US transform- 
er it came with was for 120VAC. Af- 
ter reassembly, the microwave worked 
perfectly again and I was feeling very 
pleased with myself until I realised 
that the clock was running at the wrong 
speed. This also meant that the timer 
would be way out. 

And then the penny dropped! After 
checking the circuit diagram, I realised 
that the oscillator running the proces- 
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sor was locked to the mains frequency 
and this new unit needed 60Hz instead 
50Hz to operate correctly. 

Determined not to be beaten, I iso- 
lated the now 50Hz pulse to the pro- 
cessor at its INTPO terminal. I then 
delved into my spare parts box where I 
was lucky enough to find an MM5369 
oscillator IC and a 3.579MHz crystal. 
Armed with these parts, plus a few pas- 
sive components, I then constructed 
a pulse unit on Veroboard which pro- 
duced a nice 60Hz output. 

The next step was to "steal" some 
power from the processor's DC supply 
to power this add-on board. The output 
from the MM5369 was then connected 
to the processor's INTPO terminal and 
the board secured in position. 

The timebase conversion proved to 
bea success and our old Sharp micro- 
wave is still soldiering on, with a nice 
clear display. 


Fuses can be deceptive 

There's only one sure way to check 
a fuse and that's with a meter, as 
L. W. of Logan, Qld found out when he 
tackled a faulty AC/DC fridge. Here's 
what happened... 

On our new caravan's maiden voy- 
age, I noticed that the 3-way fridge 
didn't seem to hold up too well when 
operating on the 12V setting. It worked 
fine on either 230VAC or the gas set- 
ting but seemed to defrost rather quick- 
ly when 12V operation was selected. 

For those unfamiliar with these de- 
vices, 12V operation is intended to 
only keep an already cold fridge cool; 
it definitely does not have the capacity 
to chill from scratch. As a result, this 
setting is usually only selected while 
in transit, when 230VAC is obviously 
not available (unless using an invert- 
er) and running off gas is not recom- 
mended for safety reasons. 

The 12V supply is usually provid- 
ed by the towing vehicle's battery and 
should be set up so that it powers the 
fridge only while the vehicle's battery 
is being charged from the alternator. 
Nominal heater resistance is in the 
vicinity of 19, so a battery voltage of 
12.5V at the fridge results in a current 
of 12.5A and this would flatten the 
battery in a short time if it wasn't be- 
ing recharged. 

We made several trips during which 
the fridge quickly defrosted (ie, when 
powered from 12V) before I finally de- 
cided that something had to be done. 
After some thought, I decided to have 
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Merlin Powerit Garage Door Opener 


Remote-controlled garage door 
openers are great except when they 
don’t work. The electronic gremlins 
recently got into a controller belong- 
ing to A. D. of Naremburn, NSW 
while he was overseas but he man- 
aged to evict them and get it work- 
ing again... 

Many years ago, I built a garage 
from a kit and fitted a power-op- 
erated Merlin Powerlift roller door 
opener. It was quite easy to fit and 
it was subsequently used for many 
years without problems. 

Several months ago, I went over- 
seas and, following my usual prac- 
tice, I disconnected the power to 
the door-opening mechanism be- 
fore leaving. However, when I sub- 
sequently returned after a couple of 
months and plugged it in again, the 
remote control wouldn’t open the 
door. I tried the manual button on 
the controller housing and it worked 
fine but it stubbornly refused to work 
with the remote transmitter. 

I rang the company that I pur- 
chased the unit from and explained 
my problem. She quickly told me 
that it was probably the remote con- 
trol itself and informed me that she 


a look at it myself rather than take the 
caravan to the dealer. The installa- 
tion manual conveniently provided 
a wiring diagram and it showed that 
the circuit was quite simple: a heat- 
ing element in series with a 25A fuse, 
in turn connected through the mode 
switch to the 12V supply. So how hard 
could it be? 

The first hurdle came when I re- 
moved the outside vent covers to ac- 
cess the rear of the fridge. Only the 12V 
connection point and one end of the 
heater wiring were visible; there was 
no fuse to be seen. This meant that I 
couldn’t test the heater element or the 
fuse independently for continuity. 

At that point, I connected my volt- 
meter across the 12V connections and, 
with the towing vehicle connected and 
its engine running, measured a healthy 
14V with the fridge switched to the off 
position. Switching the fridge to 12V 
operation had no effect on this voltage 
reading, so I then decided to check the 
current. Just as I suspected, this gave 
a reading of 0A, indicating that there 
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could sell me a replacement. When 
I suggested that it may not be that 
and asked what I should do if it still 
didn't work, she had no reply other 
than to suggest buying another com- 
plete unit at a cost of $770. 

Unfortunately, she wasn't able 
to provide any schematics and so I 
found a company which sold and re- 
paired such doors. The guy I spoke 
to told me it was so old they didn't 
have spares but he'd check it out for 
$282, which included the price of 
another main electronic unit. Since 
I had paid only $375 for the whole 
thing originally, I didn't think that 
was worthwhile and thought that 
a simple solution would be to wire 
a remote switch (as sold by Oatley 
Electronics) across the manual but- 
ton contacts, thereby completely by- 
passing the original remote control 
circuitry. In fact, I use just such an 
Oatley remote switch to control my 
home-made gate opener and I figured 
thatIcould use a spare button on the 
existing gate transmitter to trigger the 
garage door controller. 

Before doingthis though, I decided 
to have a look at the garage control- 
ler and its remote to see if I could 


was an open circuit somewhere. 

There was nothing for it; the fridge 
would have to be completely removed 
in order to gain better access to its rear. 
An hour later and with the back of the 
fridge now exposed, there was still no 
sign of a fuse. The problem was that 
both the 230VAC and the 12V DC wir- 
ing from the heaters disappeared un- 
der a thin metal cover which covered 
most of the top of the fridge. 

Fortunately, this was easily removed 
by undoing four screws and at last there 
were two fuses visible. I was also able 
to see where the 12V heater element 
connected to its fuse and switch as- 
sembly. Being a 25A fuse, it was easy 
to "see" that it hadn't blown, so I de- 
cided to check the heater element for 
continuity. It measured just under 1Q 
on the multimeter, which is normal. 

I was getting a bit frustrated by now 
because that left only the switch as a 
suspect. And as it was a multi-pole 
switch that contained four sets of con- 
tacts, I really didn't fancy dismantling 
it to find out what the trouble was. 


find the fault. The LED on the remote 
still came on when the button was 
pressed, so I looked at the controller 
itself. On examining the main PCB, 
the first thing I noticed was a black- 
ened resistor and a small 3-terminal 
device which appeared to have over- 
heated. Fortunately, I could just read 
some of the writing on it and it ap- 
peared to be a 6V regulator. 

One ofthe legs on this device was 
burnt where it entered the PCB and 
the track had been damaged. I didn't 
have a 6V regulator but I did have a 
5V regulator in my parts drawer, so I 
wired in some resistors in the usual 
fashion to increase its output voltage, 
replaced the faulty resistor and re- 
paired the damaged PCB track using 
some tinned copper wire and solder. 

That was it; as soon as I reassem- 
bled it and applied power, I was 
rewarded with a perfectly working 
garage door opener again. 

I have no idea what caused the 
original regulator to blow, since I 
had disconnected the mains supply 
from the controller before I went 
away. However, judging by the burnt 
tracks, it was obviously something 
fairly drastic and it almost certainly 
occurred when the unit was powered 
up on my return. 


It was then that I recalled some ad- 
vice that I was taught way back during 
my training days: “always test a fuse 
with your meter. It may look OK but 
you won't know for sure unless you 
see that needle move over to read zero 
ohms" (no digital meters in those days). 

And so, with no better ideas at this 
stage, I removed the fuse and tested it 
on the low ohms scale ofthe multime- 
ter. It measured open circuit! I tested 
it several more times because I just 
couldn't believe what the meter was 
saying. After all, it was a 25A fuse and 
it appeared to be intact. 

Replacing this fuse restored the 
fridgeto 12V operation forthe first time 
in its life. All that was left then was to 
replace the metal cover and reinstall 
the fridge in its cabinet. 

Several days later, I hit the ends of 
the faulty fuse with a hot soldering 
iron and as one end was heating up, its 
metal cap moved very slightly inwards. 
From then on, it read OK on the meter 
and so, just as I suspected, it had been 
faulty from new. SC 
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This passive converter circuit lets you use the phono inputs on an 
amplifier or mixer, normally used for a turntable, as a pair of line- 
level inputs. This lets you plug in another CD player, DVD player or 
other line-level program source. 


While turntables may be making 
a slight resurgence over the last few 
years, they’re still a rare sight in most 
people’s homes. Because of this, you 
may often find the phono inputs on 
the back of an amplifier go unused. 

So, what to do if you need another 
pair of inputs for a CD or DVD player? 
Our solution is to convert the phono 
inputs to line inputs via an exter- 
nal adaptor, the original idea being 


15nF 4.7nF 


credited to Gary Johnston of Jaycar 
Electronics. 

It's best not to plug a line-level 
device straight into a phono input 
for two reasons. One, because they 
provide approximately 34dB of 
amplification, which would cause 
it to overload; and two, because 
of the RIAA equalisation that is 
applied by a preamplifier built into 
the amplifier. 


10nF 


10nF 10nF 10nF 10nF 
FA HA 


(LEFT CHANNEL SHOWN; 
RIGHT CHANNEL IDENTICAL) 


Se PHONO INPUT T CONVERTER 


Fig.1: the circuits for both versions of the Phono Input Converter. The left 
circuit is made with through-hole components, while the right circuit is 


made with SMD components. 
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RIAA equalisation applies boost 
for lower frequencies (up to +20dB 
at 20Hz), approaching zero at 1kHz. 
Above 1kHz, the circuit applies tre- 
ble cut that increases as the frequency 
rises to 20kHz (the cut being almost 
20dB). 

In effect, our converter applies the 
inverse of RIAA equalisation to the 
signal before passing it to the ampli- 
fier, which after applying the normal 
equalisation, leaves us with a virtually 
flat frequency response. 

Since a typical phono preampli- 
fier applies about 34dB of gain, our 
passive circuit needs approximate- 
ly 34dB of attenuation and a filter 
that is the exact inverse of the RIAA 
equalisation. 

In Fig.2 you can see the RIAA equali- 
sation curve (yellow) and the ideal 
inverse curve (green). The dotted yel- 
low line shows the RIAA equalisation 
curve with IEC amendment from 1976. 
TheIEC amendment added a bass turn- 
over at 50Hz, used to reduce very low 
frequency signals from the turntable. 
The general slope of the RIAA equali- 
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sation curve is 6dB/octave, and there 
are two inflections at approximately 
500Hz and 2kHz. 

Now look at Fig.1. There are two 
versions of the converter circuit; one 
using conventional through-hole com- 
ponents while the other uses surface- 
mount components (SMD). Note that 
both versions are virtually identical 
electrically. Both are passive circuits, 
meaning that no semiconductors or 
integrated circuits are used, and no 
power supply is needed. 


Circuit details 

When designing the circuit, we 
needed to consider the type of source 
input it would be used with. 

Most program sources, whether CD 
or DVD players, AM/FM tuner, etc, 
use operational amplifiers in their 
output stages and they have very low 
output impedances. This means that 
this passive circuit can have quite a 
low impedance and not have any ad- 
verse effect on the performance of the 
source signal. 

Next, as well as applying signal 
attenuation, the converter must have a 
characteristic which is the inverse of 
the RIAA equalisation curve. 

As aresult, there should be minimal 
difference between connecting a CD 
player into line inputs compared to 
feeding it into phono inputs via this 
converter. 

Hence the circuit for each channel 
consists of a 200kQ resistor shunted 
by a 15nF capacitor, in series with the 
combination of a 16kQ resistor shunt- 
ed by a 4.7nF capacitor. This describes 
the through-hole version ofthe circuit 
(left side of Fig.1). 

The SMD version on the righthand- 
side of Fig.1 provides nearly the same 
shunt capacitance but uses series or 
series-parallel combinations of 10nF 
capacitors, allowing us to provide 
capacitance values closer to the ideal 
inverse RIAA characteristic. 

In fact, you can see from Fig.2 the 
SMD version is much closer to the 
RIAA equalisation curve for lower 
frequencies, while the through-hole 
version is closer at higher frequencies. 
How accurately you can replicate the 
curve comes down to the quality of 
the components used. 

We used COG SMD capacitors in 
our converter as they have better tol- 
erance and a more linear response, 
providing a closer replication of the 
inverse curve. 
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Inverse RIAA Frequency Response 14/09/2016 12:04:26 
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Fig.2: the red and blue line in the centre show the frequency response of the 
Phono Input Converter hooked up to our LP Doctor. For the most part it is fairly 
flat until it starts to deviate at 100Hz due to the IEC amended RIAA equalisation 
curve, shown in the dotted yellow line. 
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Fig.3: a close-up of both frequency response curves for the SMD and through- 

hole versions. Variations in the response can occur due to component tolerances 

and the quality of the amplifier used. Whether your amplifier uses an IEC 

amended equalisation curve will also affect the response below 50Hz. 


November 2016 47 


Above, you can see the rear view of the SMD version of the Phono Input 


Converter, while to the right is the front of the converter with optional 
label. At lower right is the rear of the through-hole version. 


1 PCB coded 01111161, 53 x 
40.5mm 
1 4-way RCA socket 
(Altronics P0211 or equivalent) 
1 UB5 jiffy box (Jaycar HB6015, 
Altronics H0205 or equivalent) 
1 laser-cut lid (optional) 
1 panel label to fit lid (optional) 


Through-hole version 
Capacitors 

2 4.7nF MKT polyester, 63/100V 
2 15nF MKT polyester, 63/100V 


Resistors (1/4W metal film, 1%) 
25600* 216kQ 2200kQ 


SMD version 
Capacitors (SMD 3216/1206) 
10 10nF 50V COG 5% 


Resistors (SMD 3216/1206, 1/4W, 1%) 
25600* 216kQ 2 200k2 


* change values to vary 
attenuation, see text 


Fig.4: complete PCB overlays for the through-hole (left) and 
SMD (right) versions of the Phono Input Converter. 
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Performance 

We tested both circuits with the LP 
Doctor (SILICON CHIP, January 2001) 
which incorporates a high-perfor- 
mance RIAA preamplifier. 

The superposition of both curves is 
shown in Fig.3, the dotted lines show- 
ing the response with the IEC amend- 
ed equalisation curve. Both provide 
an overall frequency response within 
+0.5dB from 20Hz to 20kHz. 

However, due to the bass turnover, 
from the IEC amendment, you end up 
with a slight cut to bass below 50Hz, 
culminating in about 3.5dB of cut at 
20Hz (if your preamplifier applies the 
IEC amendment). 

Both circuits had a signal-to-noise 
ratio of 96dB unweighted with respect 
to 1kHz using a 2.2Vgys input. Which 
is in the range of what you would ex- 
pect from your average CD player. 


Build the SMD or through- 
hole version — or both 

For this project, we provide a PCB 
measuring 53 x 40.5mm and coded 
01111161 which has both versions for 
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a complete converter. You can build 
either one, or both if you need two 
converters. Either way, you will need 
to break the board in two and populate 
the one you want with surface-mount 
of through-hole components. 

To house the finished converter, we 
used a small plastic case from Jaycar. 
Five holes will need to be drilled in 
the lid for the four RCA phono sock- 
ets and screw to hold the PCB/socket 
in place, or purchase a laser-cut lid. 
The laser-cutting diagram and panel 
label can be downloaded from www. 
siliconchip.com.au 

When using the unit, keep it away 
from the power transformer in the am- 
plifier and make sure the input and 
output leads do not run across mains 
power cords, otherwise hum pickup 
can become a problem. 

Depending on the signal levels from 
your CD player, or other input source, 
you may need to increase or decrease 
the degree of attenuation provided. 

You can provide greater attenuation 
by reducing the 560 resistor at the 
output, eg, using a 330€ resistor. Al- 
ternatively, a 1kO resistor will provide 
less attenuation. SC 
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128X128 PIXEL LCD 
SCREEN MODULE 240X320 PIXEL LCD TOUCH 
FOR ARDUINO® XC-4629 SCREEN FOR ARDUINO® XC-4630 


16 bit colour TFT. Only needs 
six pins for full control. SPI 
interface. Mounting holes. 
Due early November. 


Large, colourful display shield piggy-backs 
straight onto your Uno or Mega. Fast Parallel 
interface. microSD Card slot. Resistive touch 
interface. 

Due early November. 


3D PRINTING BUNDLE 


Purchase the printer and get the accessories free! 


Includes 3D Printer + 1 x 250g roll filament (one of your choice) + Needle File Kit + Bed tape. 


DUINOTECH MINI 3D PRINTER 11-4076 


Simple and affordable, print within minutes of opening the box. Supports 
SD card and computer-based printing. 90 x 90 x 90mm print area. 
Supplied with white 1.75mm filament, SD card & reader, tools and user manual. 


PLA FILAMENTS For 3D PRINTERS $15.95 EA 
250g roll of 1.75mm. 


BLACK TL-4110 BLUE 71-4118 TL-4110 
RED TL-4112 YELLOW TL-4120 

CLEAR TL-4114 WHITE TL-4122 

GREEN TL-4116 

BLUE 3D PRINTER BED TAPE 


50M ROLL NM-2818 $9.95 NEW 


Helps the project stick to the print bed 
and makes removal easier. 48mm wide. 


10 PIECE NEEDLE FILE KIT 


$19?5 & 


4G LTE TV ANTENNA SIGNAL 
FILTER 11-3067 


Designed to fit in-line with an F-type coaxial 
cable. Filter unwanted mobile phone 
interference from your TV signal. Can be 
mounted on masthead. (FL694LP) 


NERD PERKS CLUB OFFER 


BUY ALL FOR 


OVER $40 EXTRA VALUE 


VALUED 
OVER $539 


Jaycar 


ECONOMY CATIII 
MULTIMETER 
WITH DATA HOLD QM-1517 Y 


Perfect for the electronics 
enthusiast or student. 600V, 2000 
count. Square wave output. 
Backlit display. Continuity buzzer. 
1x 9V battery included. 


* 115(L) x 65(W) x 30(D)mm 


$1495 


DATA HOLD 
CATIII DIGITAL 
MULTIMETER 


WITH NON-CONTACT 
VOLTAGE SENSOR QM-1527 
500V AC/DC, 2000 count. Diode 
test. 10A DC current. Backlight. 
Continuity beeper. 

* 145(H) x 65(W) x 35(D)mm. 


HKIGA DIGITAL MULTIMETER 


$1995 


AUTORANGING TRUE RMS 
CATIII MULTIMETER om-1321 


1000V, 4000 count. Overload 
protection. Min/Max hold. 
Capacitance & frequency. 10 


— second screen backlight. Rugged 
TD-2128 $14.95 ——— design for heavy-duty use. Auto 
Integrated plastic handles. NM-2818 TEES PRINTER power off. 
s, uae 

Handy storage wallet. Ie $499 NOW BACK IN STOCK. 

* 162mm long each — TD-2128 
POWER POINT AND EARTH INLINE RCD CIRCUIT BREAKER oP-2002 $3995 
LEAKAGE TESTER op-2004 Faster-acting and improved safety. Built-in RCD safety 


switch. Simple testing functionality. IP65 rated enclosure. 
30mA trip current. 10A rated current. 1.8m long. 


Multiple testing options. Buzzer and three 

LEDs. 30mA +/-5% rated current. 230VAC @ 
50Hz rated voltage. IP65 rated enclosure. 
69(L) x 67(W) x 32(H)mm. 


Due early November. 


SILICONE RESCUE TAPE 
NA-2829 WAS $29.95 
Permanent air-tight 

and water-tight seal in 
emergency situations. 
Designed for quick plumbing 


d ' P d repairs, sealing hoses, 
== E =f) coating ends etc. Will repair 
wss a broken radiator hose 
$34% LÍ $34% (in most cases). 
á 25mm x 3600mm. SAVE $10 


PURCHASE ANY METER ON PAGE 5 AND RECEIVE A FREE SMART TEST SCREWDRIVER! 


Catalogue Sale 24 October - 23 November, 2016 


To order phone 1800 022 888 or visit www.jayc 


There has been an obvious resurgence in people getting back to the 
TO 0 LS FO R TEST workbench and reviving skills involving manual dexterity. As you will 

see across the following pages, Jaycar has all the DIY tools you'll need 

to equip your workbench so you can create projects from the power of 
& M EAS U B 5 your brain and your hands. 


4. CAPACITANCE METER 
WITH 75MM JAW TH-1766 WAS $39.95 QM-1020 WAS $29.95 


* 75mm opening jaw with removable soft Analogue multimeters are still the * 
rubber jaw covers best way to test a capacitor. i 
* Multi-positional ball swivel allows the * AC/DC voltages up to 1000V 
jaws’ working position to be varied through =» DC current up to 250mA 


a full 360deg axis 
* Approximately 160mm tall 


* Resistance measurement 


5. BENCHTOP WORK MAT 
2, DESK MOUNT MAGNIFYING LED LAMP HM-8100 WAS $12.95 


0M-3546 e Durable A3 size PVC cutting matis just the 
* Ideal for hobbies and projects thing to protect your work benchtop. 
* Mains powered * Ruled with a centimetre spaced grid for SAVE $5 
* 3 dioptre magnification easy referencing 


«3mm thick - 450 x 300mm 
3. 0-30VDC REGULATED POWER SUPPLY 


MP-3840 6. FOAM INSERT SMALL ALUMINIUM 
* Oto 5A ATTACHE CASE HB-6355 
* 1mV ripple voltage * Removable 15mm square foam pieces to fit 
* Avoid overheating, burnout, your equipment NOW 
and over-current * Lockable and supplied with two keys $2495 
* Easy-to-use LCD display panel * Includes.carry strap | SAVESTS | j 
E "ju E E A Terr a ARMED ude RENAA M 


SELF-POWERED LED 0P-5586 


Simple 2 wire connection for voltage readout. 
Auto zero calibration and easy to read red LED 
display. Easy installation. Automatic polarity 
sensing. Cutout size 42 x 23mm. 

ALSO AVAILABLE: 


111) 


LED AMMETER PANEL METER OP-5588 $39.95 $619 
DIGITAL STORAGE me 
7 
cess? ^ PANEL/SURFACE MOUNT LED VOLTMETER o — 


Features trace capture, PC interface, storage of data on 
portable media etc. 


e Sampling rate is 500MSa/s (QC-1932) / 1GSa/s (QC-1934) 
* Memory depth is 32k (QC-1932) / 2M (QC-1934) 


5-30VDC oP-5582 


The easiest way to monitor your battery voltage, or the 


PANEL METERS - 
MOVING COIL TYPE voltage in any DC powered system. Simply wire up to a 


8 models to select from. Visit positive and negative DC power source. Supplied with a 


website for info. panel mount and a surface mount "hood". 25MHZ DUAL CHANNEL 5.7" Screen. OC-1932 
* 44mm meter hole © 60(W) x 42(H)mm WAS $689 NOW $619 SAVE $70 
* Class 2.5 ALSO AVAILABLE: VOLTMETER AND AMPMETER 100MHZ DUAL CHANNEL 5.7" Screen. QC-1934 
* 58(W) x 52(H)mm 60.5(W) x 24(H)mm. QP-5584 $39.95 WAS $1129 NOW $999 SAVE $130 

DIGITAL CALIPERS 70-2081 

Fasy to use calibrated digital $1 395 

display with corresponding 


etched vernier scale. 
150mm range. 

BUDGET TD-2081 $13.95 
PROFESSIONAL STAINLESS 


DIGITAL MULTIMETER 
WITH WIRELESS USB 


ii I SIMPLY SUBMIT A PHOTO OF THE 
TD-2082 $39. 
UA DUM KARRG: JAYCAR TOOL YOU CAN'T LIVE 
STAINLESS STEEL TWEEZER SET TH-1760 on : WITHOUT AND YOU COULD WIN. 
Duckbill head, angled fine and straight 14 PIECE PRECISION 


HOBBY KNIFE SET 74-1916 

p- Handy hobby tool set comprising of 10 
different blades, handle, 70mm long S 
tweezers, 90mm long flat screwdriver and ae 

vernier calipers, which measure up to 81mm win.jaycar.com/workbench 


(3.1inches). Competition closes 23rd Nov. See website for the T&Cs 


superfine to manipulate surface mount 
components with ease. ESD coating 
on main body of tweezers greatly 
reduces static discharge issues. 

* Angled & duckbill 120mm long 

* Superfine 135mm long 


WORTH $129 


1571 
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PURCHASE ANY METER ON THIS PAGE AND RECEIVE A FREE 


SMART TEST SCREWDRIVER TD-2055 VALUED AT $11.95 


COUNT INDUCTANCE/ AUTOMOTIVE METER 
CAPACITANCE METER QM-1444 
QM-1548 TTR Features an inductive 


pickup for RPM 
measurement, dwell angle, 
and works with engines of 
2to 10 cylinders. 

* 600V, 4000 count 

* AC/DC voltages up to 600V 
* AC/DC current up to 10A 

e RPM x1, x10 


Ideal for audio enthusiasts 

designing their own 

crossovers. 

* 600V, 2000 count 

* AC/DC voltages up to 
1000V/750V 

* AC/DC current up to 10A 

* Hfe transistor 
& diode test 


$7935 


CAT Ill CLAMP METERS 


Our range of CAT III Clamp Meters makes the best general troubleshooting 
tool for commercial and residential electricians and includes features found 
on more expensive units such as autoranging, data hold, non-contact voltage, 
relative measurement and auto power-off. Multi function with Resistance, 
Capacitance, Frequency and Temperature, all Clamp Meters are supplied 
with quality temperature probe and carry case. 


ACDC IAMS CLAMP METER 


QM-1566 


1000A TRUE RMS AC/ 
DC OM-1566 

e Cat III 600V, 4000 count 
* AC/DC voltage < 600V 
* AC/DC current < 1000A 


e True RMS, min-max, 
bargraph and more 


e Jaw opening 40mm 


NERD PERKS 
SPECIAL 


v Temp 
Arar 


QM- "HG 
$699 


400A AC 

QM-1561 

e Cat III 600V, 4000 count 
* AC/DC voltage « 600V 
* AC current « 400A 

* Jaw opening 30mm 


400A AC/DC 

QM-1563 

e Cat III 600V, 4000 count 
* AC/DC voltage « 600V 
* AC/DC current « 400A 
* Jaw opening 30mm 


CAT Ill NON-CONTACT AC VOLTAGE DETECTOR 
QP-2268 RRP $24.95 | 
A must have for every toolbox. Detects AC voltages from 50 to $1 9395 
1000V. The unit will glow green when safe, M 
and flash red and beep when voltage is detected LS SAVESS +1 
* LED flashlight function 
*2xAAA batteries included 
* 158(L) x 23(D)mm 


To order phone 1800 022 888 or visit www.jaycar.com.au 
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NETWORK CABLE 
METER xc-5078 E aan 


in 


Check cable integrity 

or measure AC & DC 

voltage, etc without 

needing to carry two 

separate devices. 

* 600V, 2000 count 

* AC/DC voltages up to 
600V 

* AC/DC current up to 
200mA [- 

* Resistance 
measurement 


| $5995 


DIGITAL LIGHTMETER om-1587 


For workbench, photography, lab work, 
architectural, engineering and construction. 
ALSO AVAILABLE: 

PRO DIGITAL LIGHTMETER 

WITH COVER CASE OM-1584 $169 


NON-CONTACT 
THERMOMETER 
QM-7215 

Safely measure temperature 
in hot, hazardous, or hard to 
reach places. 8:1 distance 
to spot ratio. 

ALSO AVAILABLE: 
NON-CONTACT 
THERMOMETER WITH 
DUAL LASER TARGETING 
QM-7221 $139 


POCKET MOISTURE 

LEVEL METER 

QP-2310 

Suitable for measuring 

water content in building 

materials and wooden 

fibre articles. 

* Backlit digital LCD 
screen 

e Ax LR44 batteries 
included 

* Auto power off 

* 96(H) x 40(W) x 20(D)mm 


w 


cum uam 


TEMPERATURE/HUMIDITY 

USB DATALOGGER op-s014 

Can store readings in 

internal memory for 

later download. 

* Direct plug-in 

* Windows 2000/XP/Vista 

* -40 to 70°C (+1°C) 
temperature range 

* 0 to 100% (+3°C) 
humidity range 

* 32,000+ memory samples 

ALSO AVAILABLE: 

DIRECT PLUG-IN TYPE 

QP-6013 $119 


ENVIRONMENT 

METER 0M-1524 

Combines the functions of 

a sound level meter, light 

meter, humidity meter and 

temperature meter to help 

get the job done faster. 

* 600V, 4000 count 

* AC/DC voltages up to 250V 

* AC/DC current up to 10A 

* Resistance, non-contact 
voltage measurement | 


DIGITAL SOUND LEVEL 
METER 0M-1589 

Measure both A and C 
weightings and diagnose 
‘ambient’ reading or short noise. 
Features data hold and min/max 
functions. 


* 30 to 130dB 
ALSO AVAILABLE: 
PROFESSIONAL SOUND LEVEL 


METER WITH 
CALIBRATOR 

QM-1592 $379 31 29 
THERMOCOUPLE 
THERMOMETER - 

2 INPUT oM-1601 
Works with K-type 
thermocouples and offers 
0.1 or 1° user-selectable 
resolution over the entire 
measurement range. 

* Wide temperature range 
* Includes Holster and 
Thermocouples 
* Backlit LCD 

* Auto power off 


HAND HELD PH 
METER ow-1670 


Simple and accurate device 
for checking pH levels in 
water. Great for keeping 
your fish tank at the proper 
pH level. 

ALSO AVAILABLE: 

50ML BUFFER SOLUTION 
QM-1671 $8.95 


| SAVES30 | 

1KG DIGITAL 

BENCH SCALE om-7264 WAS $179 

0.01g resolution accuracy. Weighs in 

grams, ounces, pounds, grains, carats, troy 

ounces. Supplied with a wind shield and a 

built-in bubble level. 

* Powered by included mains adapter or 4 
x AA batteries (not included) 

* 175(W) x 75(H) x 260(D)mm 


4P/6P/8P/10P 
MODULAR CRIMP TOOL 14-1936 


This great tool will cut, strip, and crimp 


flat telephone cable, or Cat5e type cable. 
Made from high quality carbon steel. 
Interchangeable dies and ergonomic 
design. Brace to lock dies closed. 


FREE RJ45 8P/8C FOR STRANDED CABLE 
PK.5 FOR NERD PERKS CARD HOLDERS" 
Valid with purchase of TH-1936 


PP-1434 VALUED AT $5.95 


HEX RATCHET CRIMPING & 
RATCHET TOOL 74-1833 RRP $39.95 
Heavy duty ratchet tool designed for crimping 

F, N, BNC, TNC, UHF, ST, SC & SMA connectors 
onto RG6 or RG58 coax cable. Features adjustable 
crimping force and ratchet mechanism for 
repeatability. Four hex crimping dies: 
1.72mm, 5.49mm, 8.23mm and 9.14mm. 


TV COAXIAL CABLE 
WB-2014 RRP $44.95 


Great for domestic TV & Pay TV installations! 
75 ohm RG6 quad shield in a handy 30m roll. 
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SIDE CUTTERS TH-1897 


Ideal for fine PCB work. Made from quality 
tool steel. Soft padded handles that are 
spring loaded for comfortable long term use. 
Easily cut leads. 127mm. 


SMARTPHONE REPAIR KIT 27 PIECE 10-2118 
Designed to repair iMac®, Mac® Air, iPhone®, 
Samsung®, HTC®, Nokia®, Sony® as well as many 
brands of mobile phone. 


FREE LEVEL INDICATOR 
KEYRING FOR 

NERD PERKS CARD 
HOLDERS" Valid with 
purchase of TD-2118 or TD-2117 


TH-1931 VALUED AT $4.95 


MULTI-PURPOSE PRECISION 
TOOL KIT 35 PIECE 02117 
Ideal for electronic service 
tradespeople and hobbyists. 
Includes storage case. 


CRIMP TOOL 
WITH NETWORK TESTER TH-1939 


Quickly and easily test Ethernet twisted 
pair cables for wiring continuity, opens, 
shorts, and mis-wires. Includes PoE test. 


| $32*5 


ESD SAFE 
SIDECUTTERS 14-197? 

Specifically for ESD work. High quality 
Japanese designed, Italian manufactured 
cutters for static-sensitive applications. 

* 135mm long 


CRIMPING TOOL FOR 
NON-INSULATED LUGS 
TH-1834 


Comfortable handles and spring- 
loaded. 


* From 14-18 AWG and 22-26 AWG 
* Includes a built-in wire cutter 
* 185mm long. 


FREE RJ45 CAT6 CONNECTOR PK.10 FOR 
NERD PERKS CARD HOLDERS” 
Valid with purchase of TH-1939 


PP-1447 VALUED AT $13.95 


POCKET WIRE STRIPPER 
TH-1817 

Strips anything from 2G to RG6 
coax. Easy to use and small 
enough to take anywhere on the 
job. 120mm long. 


s245 | 


170MM LONG NOSE PLIERS TH-1986 


Quality German design. Cut up to 4.0mm 
electrical wire. This could be the last pair of 
ong nose general purpose pliers you need to 
buy! GS approved. 6.5" long. 


peut 6 PIECE INSULATED ELECTRONIC 
SCREWDRIVER SET 
TD-2026 

Ergonomic handles with 
excellent‘non-slip grips. 

Fully insulated 1000V rated 
shafts. Storage case included. 
Slotted: 2mm, 2.5mm, 3mm. 
Phillips: #00, #0, #1. TUV and 
GS approved. 

ALSO AVAILABLE: 

1,000V 7 PIECE 
SCREWDRIVER SET 

TD-2022 $34.95 
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$1995 


HEAVY DUTY RATCHET 
CRIMPING TOOL FOR 
INSULATED TERMINALS 
TH-1829 

Has easy identification for crimping 
Red, Blue, and Yellow Terminals. 
Suitable for crimping insulated 
terminals from 0.5mm to 6.0mm in 
size. 


WIRE STRIPPER, 

CUTTER, PLIERS TH-1841 

High quality precision stripper/ 
cutter. Spring-loaded with locking 
jaws, rubber handles for added 
comfort. Cuts wire up to 3.0mm. 
Strips wire up to 2.6mm. 


$3495 


125MM PRECISION 
LONG NOSE PLIERS 714-1885 


Made from quality tool steel. Features 
serrated jaws and box joint for precise action 
and strong grip. Coil spring for smooth, 
fatigue-free use. Insulated soft touch handles. 


7 PIECE HEX NUT DRIVER SET 
TD-2339 

Allows a generous length of thread to 
protrude though the nut you are tightening. 
Sizes supplied are M3, M3.5, M4, M4.5, M5, 
M 5.5, and M6. A plastic storage pouch 
keeps the set together. A quality Japanese 
product. 

ALSO AVAILABLE: THE POWER DRIVER BIT 
SET 32 Pieces TD-2035 $14.95 


FROM 


$425 


NASHUA EY 
GAFFER TAPE $3495 Minh 
75¢ Genuine. No residue. E 
FROM 40m length x 48mm wide. | a> | 
$1 20 WAGO PUSH X BLACK NM-2812 
WIRE CONNECTORS SILVER NM-2814 
WAGO SPLICE TERMINAL Suits solid conductors with STYLUS GAFFER TAPE 
BLOCKS cross-sections up 4 mm?. 400V. High quality waterproof with 
Connect different conductors and 24A 2 WAY/YELLOW high visibility matte finish. 
bridge large differences in cross HM-3231 $0.75 24mm wide x 10m. - 
section with ease! 400V 32A. 24A 4 WAY/ORANGE GREEN NM-2813 e 
2 WAY HM-3234 $1.20 HM-3232 $0.90 PINK  NM-2815 


3 WAY HM-3235 $1.25 
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41A 3 WAY/RED HM-3233 $1.45 


Follow us at facebook.com/jaycarelectronics 


PVC INSULATION TAPE 

Top quality PVC tape. 19mm wide. 
BLACK 5M NM-2800 $1.25 
BLUE 20M NM-2801 $2.95 
RED 20M NM-2802 $2.95 
BLACK 20M NM-2803 $2.75 
WHITE 20M NM-2807 $2.95 
YELLOW/GREEN 20M NM-2804 $2.95 
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ayer 


There are high quality soldering options available that covers the whole spectrum. You really need a 
SO LDE Ri N G : dedicated soldering station for your workbench and at least one hand-held portable for the toolbox. 
No matter what you choose, you will find a great product suitable for your needs. 


era SOLDERING IRON TIP CLEANER 
i TS-1510 


Uniform iron temperature ensures 
—  nitcdl consistent joint quality and reduces 

cycle times. 

e Suitable for lead-free solders 


* Supplied with spare insert 


* 60(dia) x 58(H)mm $17% 


56G SOLDER FLUX PASTE ns-3070 


Has a mildy-activated agent to provide superior fluxing 
NERD PERKS CLUB OFFER and reduce solder waste. 


TS-1430 + 3 TIPS e ideal for situations when post-soldering cleaning 


$ * is not possible, and when highly i 
1 1 E FREE BUTANE GAS 150G FOR insulating residue is required 


NERD PERKS CARD HOLDERS' Ed * Non-ionic and non-conductive 
SAVE OVER $20 Valid with purchase of TS-1328 " * Non-flammable and 
non-corrosive 


s5% p 


NA-1020 VALUED AT $5.95 


à - : q DURATECH SOLDER 
d pu 60% Tin / 40%. Lead Resin cored. 


Y 200G ROLLS: 
ex. r BER 0.71MM NS-3005 $15.95 
NERD PERKS Hele — à 1.00MM NS-3010 $15.95 
SPECIAL [ 
$ ye i 1KG ROLLS: 
279 p SAVE OVER $20 š 0.71MM NS-3002 $74.95 


SAVE $20 1.00MM NS-3015 $74.95 


GOOT DESOLDER BRAID 


High quality Goot brand 
Gootwick. Made in Japan. 
Contains wash-free RMA flux. 
Conforms to MIL-F-14256F. 


1.5MM WIDE NS-3026 

2MM WIDE NS-3027 

3MM WIDE NS-3028 $595 NS-3028 
ea 


ANTI-STATIC TREATMENT 


Static control - both in the workshop/factory and in the field - is becoming increasingly important for reliable manufacture, repair and/or 
installation of large surface mount LSI base boards. We offer a complete line of static control products for virtually any situation. 


$995 $139» oe 5 $1995 
| a 


CONDUCTIVE BRUSH ANTI STATIC WRIST STRAP TH-1780 ANTI-STATIC WORK PLACE ANTI STATIC FIELD SERVICE 
TH-1775 Adjustable hook and loop wrist strap, coiled DESK MAT TH-1783 MAT/BAG th-1776 
Use it to clean anything lead and banana plug/alligator clip. It has a hard wearing face over a dense Ideal for field service people, who need an 
where static is a problem. * Expanded lead length approx. 1.8 m sponge rubber base. 2 stud fasteners are anti-static work area when on the move. 
* 178mm long ALSO AVAILABLE: EXTRA LONG 3M included. * Pouch size approx: 200 x 300mm 

COILED LEAD TH-1781 $17.95 * 555(W) x 290(D)mm 


EARN A POINT FOR EVERY DOLLAR SPENT 
AT ANY JAYCAR COMPANY STORE’ & BE 
REWARDED WITH A $25 JAYCOINS GIFT 
CARD ONCE YOU REACH 500 POINTS! 
"Conditions apply. See website for T&Cs 


REGISTER ONLINE TODAY BY VISITING: www.jaycar.com.au/nerdperks 


To order phone 1800 022 888 or visit www.jaycar.com.au See terms & conditions on page 8. Page 55 


NOW NOW NOW NOW 
$4995 $2495 $3495 $6995 
SAVE $10 SAVE $10 SAVES10 . SAVE $20 
3IN 1 STUD PLUG IN SENSOR 12 COMPARTMENT DIGITAL DC POWER METER 
DETECTOR FOR SMARTPHONES PORTABLE STORAGE CABINET MS-6172 WAS $89.95 
WITH LCD SCREEN QM-1676 WAS $34.95 HB-6301 WAS $44.95 
QP-2283 WAS $29.95 
NOW NOW NOW 
5149 5169 $1995 
SAVE $30 SAVE $20 SAVE $30 SAVE $10 
PROFESSIONAL LASER GENERAL PURPOSE GENERAL PURPOSE HUMIDITY & TEMPERATURE 
DISTANCE METER TRUE RMS DMM TRUE RMS DMM SENSOR MODULE For ARDUINO® 
QM-1622 WAS $179 QM-1543 WAS $189 WITH SMARTPHONE APP OM-1576 WAS $279 XC-4246 WAS $29.95 
Limited Stock Limited Stock Limited Stock ^. 
NOW NOW [ now | NOW 
$2995 $2995 | 5129 $139 
SAVE $15 SAVE $15 SAVE $30 SAVE $30 : 
8 CHANNEL " MIDI SHIELD Wi-Fi/ETHERNET STEPDUINO BOARD 
RELAY DRIVER SHIEL| FOR ARDUINO* FOR ARDUINO? XC-4249 WAS $169 
XC-4276 WAS $44.95 XC-4545 WAS $44.95 XC-4548 WAS $159 
AUSTRALIAN CAPITAL TERRITORY Warwick Farm Ph(02)98213100 Roxburgh Park — Ph (03) 8339 2042 
Belconnen Ph(02)62535700 ^ Wollongong Ph (02) 4225 0969 ^ Shepparton Ph (03) 5822 4037 
Fyshwick Ph (02) 6239 1801 Springvale Ph (03) 9547 1022 
Tuggeranong Ph (02) 6293 3270 QUEENSLAND Sunshine Ph (03) 9310 8066 
a Aspley Ph (07) 3863 0099 
NEW SOUTH WALES Browns Plain Ph (07) 3800 0877 momestewn MEET 
HEAD OFFICE x Werribee Ph (03) 9741 8951 
320 Victoria Road, Rydalmere NSW 2116 Abu —Phlo2j60216788 Burleigh Heads PHUSSISI0 
Ph: (02) 8822 Ji 00 Alexandria Ph (02) 9699 4699 ^ Caboolture Ph (07) 54323152 SOUTH AUSTRALIA 
F - 02) 8832 3189 Bankstown Ph (02) 9709 2822 ^ Cairns Ph (07) 4041 6747 Adelaide Ph (08) 8221 5191 
R (02) Blacktown Ph (02) 9672 8400 ^ Caloundra Ph (07) 5491 1000 Clovelly Park Ph (08) 8276 6901 
ONLINE ORDERS Bondi Junction Ph (02) 9369 3899 Capalaba Ph (07) 32452014 Elizabeth Ph (08) 8255 6999 
Website: www.jaycar.com.au Brookvale Ph (02) 99054130 Ipswich Ph (07) 32825800 ^ Gepps Cross Ph (08) 8262 3200 
Email: techstore@jaycar.com.au Campbelltown Ph (02) 46250775 ^ Labrador ] . Ph(07)55374295 ^ Modbury Ph (08) 8265 7611 
FREE CALL ORDERS: 1800 022 888 Castle Hill Ph(02)96344470 ^ Mackay a ~ Ph (07 49530611 ^ Reynella Ph (08) 8387 3847 
Coffs Harbour Ph (02) 6651 5238 ^ Maroochydore Ph (07) 5479 3511 
Croydon _ Ph (02) 97990402 ^ Mermaid Beach Ph (07) 5526 6722 WESTERN AUSTRALIA 
Dubbo - Ph (02) 6881 8778 Nth Rockhampton P07) 49220880 Belmont Ph (08) 9477 3527 
Erina Ph (02) 4367 8190 — Townsville Ph (07) 47725022 ^ Bunbury Ph (08) 9721 2868 
Gore Hill —— = Ph (02) 94394799 Strathpine Ph (07) 38896910 _Joondalup __Ph (08) 9301 0916 | 
Hornsby — = Ph(02)94766221 “Underwood Ph (07) 3841 4888 _Maddington Ph (08) 9493 4300 
Hurstville Ph (02) 9580 1844 Woolloongabba Ph (07)33930777 _Mandurah Ph (08) 9586 3827 
Maitland Ph (02) 4934 4911 Midland Ph (08) 9250 8200 
Mona Vale Ph(o2) 99791711 VICTORIA Northbridge Ph (08) 9328 8252 
Newcastle — Ph (02) 4968 4722 Brighton u Ph(03)95305800 ^ O'Connor Ph (08) 9337 2136 
Penrith Ph (02) 4721 8337 Cheltenham — Ph (03) 9585 5011 Osborne Park Ph (08) 9444 9250 
Port Macquarie Ph (02) 6581 4476 Coburg Ph (03) 9384 1811 Rockingham Ph (08) 9592 8000 
Rydalmere B Ph (02) 8832 3120 Ferntree Gully mu Ph (03) 9758 5500 
Shellharbour Ph (02) 42565106  Frankston Ph (03) 9761 4100 TASMANIA 
Smithfield Ph (02) 9604 7411 Geelong Ph (03) 52215800 _Hobart Ph (03) 6272 9955 
: Kingston Ph (03) 6240 1525 
Sydney City Ph (02) 92671614 Hallam Ph (03) 9796 4577 
JAYCAR Scare Ph (02195317033 Kew East ——— Ph (03) 98596188 _Launceston Ph (03) 6334 3833 
ALEXANDRIA Tuggerah Ph (02) 4353 5016 ^ Melbourne City Ph (03) $663 2030 NORTHERN TERRITORY 
366-370 BOTANY ROAD, Tweed Heads Ph (07) 55246566 ^ Melton Ph (03) 8716 1433 -p. Ph (08) 8948 4043 
ALEXANDRIA NSW Wagga Wagga Ph (02) 6931 9333 _Mornington Ph (03) 5976 1311 | 
PH: 02 9699 4699 Warners Bay Ph (02) 49548100 ^ Ringwood Ph (03) 9870 9053 


Arrival dates of new products in this flyer were confirmed at the time of print but delays sometimes occur. Please ring your local store to check stock details. Occasionally there are discontinued items advertised on 
a special / lower price in this promotional flyer that has limited to nil stock in certain stores, including Jaycar Authorised Stockist. These stores may not have stock of these items and can not order or transfer stock. 
Savings off Original RRP. Prices and special offers are valid from 24 October - 23 November, 2016. 


Acrylic experimenter base for 
Arduino and Raspberry Pi 


Arduinos and Raspberry Pis make an ideal platform to ex- 
periment; to expand the basic platform into something more 
exotic. The biggest problem that experimenters have faced 
is that they don’t exactly lend themselves to expansion. 

That’s all changed now with these K-9610 clear acrylic 
bases from Altronics. Drilled to suit the Arduino UNO or 
Raspberry Pi modules, there’s plenty of space next to the 
module for either a mockup or a breadboard such as the 
Altronics P 1020 or P 
1002. 

The base, made 
from 2mm acrylic, is 
130x90mm and comes 
with four rubber feet 
and standoffs to suit. 


Don’t know anything about Arduino 
but want to? Get a Starter Kit! 


Uu. 7" l | : du 
messes en 
^ . UE e 


It's not too long until Christmas — and we're sure there 
would be someone near and dear to you who would love 
to see one of these under their tree (maybe even yourself?). 

We don’t know whether these kits are available in Aus- 
tralia — yet — but even if not, they can be ordered direct 
from Arduino (see below) for about $AU120 plus freight. 
(It's likely Australian Arduino suppliers will also have this 
shortly, if not already). 

With this excellent Starter Kit, you can not only learn how 
to use Arduino (it's said to be the ideal learning platform) 
but the 176-page manual that comes with it has instructions 
(and code) to build any one of 15 projects — everything from 
getting to know your tools through to a motorised pinwheel 
and even hacking buttons to create a master control of all 
your Arduino projects. 

On the Arduino website, there is a step-by-step video to 
take you through all that the Starter Kit has to offer . 

Incidentally, the name “Arduino” strictly only applies 
to the USA — outside the USA, you may be supplied with 
a kit bearing the name 
"Genuino": it is ex- 
actly the same thing 
but bearing a different 
moniker. 


Contact: 
Arduino 


Web: www.arduino.cc 
(See Arduino website for local resellers) 
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Altronics suggest the bases would not only suit individual 
experimenters but also in schools (where Raspberry Pi and 
Arduino are very popular), hobbyist workgroups, etc. 

They're priced at Contact: 


$9.95 (inc GST) or | Aitronics Distributors 


for volume buyers (eg rad 
schools, etc) $8.95 for "sls M St, Perth WA 6000 


five or more. i 
Web: www.altronics.com.au 


Jaycar drops 3D 
printer price 

Not so long ago you'd need to mortgage || 
your house to buy a 3D printer — now Jaycar || 
have this Single Filament 3D printer on 
sale at just $699 (Cat TL-4100)! i 

And the best part is that unlike other || 
Kit 3D printers, this one doesn’t require an 
advanced degree to assemble. Its elegant 
open-frame delta design makes assembly | 
straightforward and painless. 

Printsizeis upto 250x 
140 x 140mm; overall size 
is 800 x 300 x 265mm. 
250g printer filaments 
to suit are priced from 
$19.95 roll. 


Contact: 

Jaycar Electronics 
(All stores) 

Tel: 1800 022 888 


Web: www.jaycar.com.au 


Digi-Key "Most Favorite Electronics 
Component Distributor" 


Regular SiLicoN Chip advertiser and global electronic com- 
ponents distributor, Digi-Key Electronics, was named Reader's 
Choice Most Favorite Electronics Component Distributor at 
the 2nd edition of the EM (Electronics Maker) Best of Industry 
Awards 2016 at the Bangalore International Exhibition Centre. 

The 2016 Awards included key electronics categories includ- 


ing loT, semiconductor, LED and lighting, solar and power, test 
and measurement, electronics component, automation, SMT, 
PCB, and EMS and honors the winners for their innovations, 
excellence and industry-leading performance. 


The Electronics Maker Awards 
generate a lot of interest, recognis- 
ing leaders in technology, efficiency, 
environmental benefits and quality 
for the Indian Electronics industry. 


Contact: 

Digi-Key 

Tel: 1800 285 719 

Web: www.digikey.com.au 
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Plus AdwancSd 


Pt.1: By Geoff Graham 


The Micromite Plus is not only faster than 

the Micromite but also boasts more RAM and 
storage space. It also has several new and 
important programming features such as SD 


HE MICROMITE Plus has a num- 


card support and a graphical user interface bus of naw BASIC commands and 
(GUI) application library. This makes it Pdtucsqumpes ia fio tyne M 
. > . cromite, SO even experience axl- 
easier than ever to develop an interactive pray dlear e DEORTONUSSS 
touchscreen control panel; in fact, it will will have some new things to learn 
k h h h hs! before they can take full advantage of 
take you nours rather than months! its capabilities. So having introduced 


the Explore 64 module last month and 


; the Explore 100 computer this month, 

Pump Contro 1 uw ro. it's time to get into the nitty gritty of 
Logging Enabled using these amazing new features. 

UND bd vet This month, we'll look at the new SD 

on ogg © Running File Name card file reading and writing support 

and also start delving into advanced 


( HELLOO | GUI programming. In Pt.2 next month, 


Flow Rate we'll go over even more advanced 
20.1 i Record: techniques to make your GUIs slicker 
and easier to use, as well as to program. 
[] Flow Rate 
ap qu SD card socket 
| Reden | L] A1arms Both the Explore 64 and Explore 100 
| Q Economy | : a g Warnings boards are equipped with a microSD 


| | card socket which is fully accessible 
|© Normal | from within a BASIC program. The 


| Explore 100 board can also read and 

|o aad | Backlight VI 100 A write to full-size SD cards if a display 
i module is attached which has an on- 

board SD card socket, or if a socket is 


wired to pin header CON10. 
Regardless of which type of SD card 


Fig.1: this screen shot shows an example of a control panel created by a BASIC 
program. Each object on the screen was created using a single BASIC command i : ^ to fi 
which specified the parameters of the control such as its type, location, TOM Teuing; YOu. can eS UP tove 
dimensions and colour. MMBasic then manage the controls in the background. files open at the same time and you can 
For example, when a button is pressed, MMBasic will change its appearance access or write the data sequentially 
accordingly. or via random access. This makes the 
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Micromite Plus perfect for logging data 
for later analysis. 

The files written are compatible 
with Windows, Mac and Linux sys- 
tems and to access the data it is as 
simple as popping the card out of its 
socket and into another computer. Or 
you can set up your program to read 
data off the card later and off-load it 
to a computer over a USB or serial 
interface. 

The commands and functions relat- 
ed to the SD card are summarised in 
an accompanying panel. In addition, 
the “Micromite Plus User’s Manual” 
has further details, so we will just go 
over the basics here. 


Reading & writing to an SD card 

To record data to the SD card, you 
first need to open the file for writing. 
For example: 


OPEN “file.txt” FOR OUTPUT AS #2 


This instructs MMBasic to create the 
file “file.txt” and prepare it for writing. 
If the file already exists, it will be over- 
written (ie, erased) by this command. If 
you do not want to overwrite the file, 
open it “FOR APPEND” which will 
leave the file as it is and ensure that 
any new data written will be added at 
the end. Note that file names must be 
in the 8.3 format — long file names are 
not currently supported. 

The opened file is identified by a 
number (a “file handle”), in this case 
#2. You can use any number in the 
range of #1 to #10 and this number is 
then used by all subsequent operations 
to identify the opened file. 
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To write text to the file, it’s just a 
matter of using the PRINT command. 
For example: 


PRINT #2, “This line is saved in 
the file” 


This is the same PRINT com- 
mand that you use to display data 
on the console, the difference be- 

ing that we have specified the file’s 
identifier as the first argument. As a 
result, MMBasic will direct the data 
to the file rather than to the console. 
The print command is very flexible 
and by using that one command, you 
can save any data, including numbers, 
strings, the contents of variables, etc. 
When you have finished with the 
file, you must tell MMBasic to close 
it. This will flush any buffered data 
and update the SD card’s file index. 
For example: 


CLOSE #2 


Reading from a file is similar to writ- 
ing. First you must open it: 


OPEN “file.txt” FOR INPUT AS #5 


This instructs MMBasic to find the 
file “file.txt” and prepare it for read- 
ing. There are a number of commands 
that you can use to read data but the 
easiest to understand is the LINE IN- 
PUT command which will read a line 
(terminated with a carriage return 
character) from the file and save it in 
a variable. For example: 


LINE INPUT #5, D$ 
The first line from the file will be 


Power Status - 


Fig.2: this is an example of a screen that was constructed using the standard 


copied into string variable D$. You can 
see what is stored in the variable by 
printing it to the console. For example: 


PRINT D$ 


Subsequent reads will move through 
the file, returning one line each time. 
You can detect when you have reached 
the end of the file using the function 
EOF(#ref), which will return true ifthe 
end has been reached. When you are 
finished with the file, you close it using 
the CLOSE command described above. 

The previous examples were for se- 
quential access, where you write new 
data to the end of the file and read 
through it sequentially from the start. 
However, the Micromite Plus also sup- 
ports random access which allows you 
to jump around in the file and change 
or read from any part of it. This is use- 
ful if you need to create a simple data- 
base or read a file out of sequence — see 
the SEEK and LOC functions listed in 
the accompanying panel. 

Details on how to use these com- 
mands are in the Micromite Plus Ad- 
dendum PDF. 


Advanced graphics 

The basic graphic commands and 
functions that are available on the 
standard 28 and 44-pin Micromites are 
also available on the Micromite Plus. 
In summary, these commands are: 
CLS — Clear the screen. 
PIXEL — Set the colour of an individual 
pixel. 
LINE — Draw a line on the screen. 
BOX — Draw a box on the screen. It 


Unit #5 


graphics commands of the Micromite family (LINE, CIRCLE, etc). Images like 
this look very good because they are drawn at high resolution with a wide range 


of colours. 
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Fig.3: it’s easy to show a lot of information on a single screen if using a large 
LCD panel. This is a simulation of an engine monitor and although you cannot 
see it in the photograph, the meters update in real time with a smooth response. 


can be optionally filled with another 
colour. 

RBOX — Draw a box with rounded 
corners. This can also be filled with 
a colour. 

CIRCLE — Draw a circle with a speci- 
fied aspect ratio. As with boxes, this 
can be filled with a specified colour. 
TEXT — Display text in a specific font 
with a specified colour. 

GUI BITMAP — display a bitmap. 

Using these commands, you can 
create reasonably advanced graphical 
displays such as that shown in Fig.2 
but it does take a lot of effort. However, 
the Micromite Plus offers an additional 
selection of commands that make it 
much easier to create control/man- 
agement displays. A good example is 
shown in Fig.1 which is a demonstra- 
tion of a pump controller. 

The on-screen graphic elements 
(check boxes, switches, etc) are cre- 
ated and managed by MMBasic, which 
makes writing this type of program 
much easier. These are known within 
MMBasic as GUI controls. A control is 


Backlight VI 100 VAN 


Fig.4: the SPINBOX control consists 
of a box displaying a number and up 
and down arrows at each end. It acts 
like a potentiometer; when either 
the up or down arrow is pressed, the 
number will increment or decrement 
by a set amount. If the touch is held 
down, the increment or decrement 
process will repeat at a fast rate. 
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an on-screen graphical element which 
is created by the program but is man- 
aged by MMBasic. 


Spin box 

An example of a typical control is 
the "spin box", as shown in Fig.4. 
When the user touches the up or 
down icons, the number in the box 
will increment or decrement. Hold- 
ing down either will cause the action 
to continuously repeat. This control 
is handy for setting the level of some- 
thing and is the digital equivalent of 
a potentiometer. 

To create this control, the BASIC 
program uses the following command: 


GUI SPINBOX #ref, StartX, StartY, 
Width, Height, FColour, BColour, Step, 
Minimum, Maximum 


This takes a number of parameters: 
(1) ref this is a unique reference num- 
berin the range of 1-100 that identifies 
the control. 

(2 & 3) StartX and StartY: these are 
the screen coordinates of the top left- 
hand corner of the control (including 
the up/down icons). 

(4 & 5) Width and Height: the dimen- 
sions ofthe control (including the up/ 
down icons). 

(6 & 7) FColour and BColour: the col- 
ours used for the foreground and back- 
ground when the control is drawn. 
(8) Step: this is the amount by which 
the value in the spin box will change 
when the up and down icons are 
touched. It can be a fraction such as 
0.1 or a whole number like 5. 


(9 & 10) Minimum and Maximum: 
these are the limits for the value in 
the spin box. When they are reached, 
the up/down icons will not change 
the value beyond these limits. They 
are analogous to the end stops on a 
potentiometer. 

When the GUI SPINBOX command 
is executed, MMBasic will draw the 
control on the LCD panel and the 
user can immediately start using it by 
touching the up/down icons. MMBasic 
will animate the control by illuminat- 
ingthe touched icons to provide visual 
feedback, updating the number dis- 
played in the box and making a click- 
ing sound (more on this later). 

The animation is completely man- 
aged in the background by MMBasic. 
This allows the main BASIC program 
to be doing something completely dif- 
ferent, eg, responding to changes in 
external sensor inputs. 

Whenever the BASIC program needs 
to know the current value in the spin 
box, it can get this number using the 
CTRLVAL(#ref) function, where #ref 
is the reference number given to 
the control when it was created. For 
example 


PRINT CTRLVAL(#40) 


will display the current value of con- 
trol number #40 on the console. 

Often a program will also need to 
set the number in the spin box to some 
default value when the program is first 
run. This can be done with the follow- 
ing command, which can be executed 
at any time: 


CTRLVAL(#ref) = number 


This brief tutorial demonstrates 
all that is needed to create and use a 
GUI control within a BASIC program. 
MMBasic will do all the hard work 
while your program can be doing 
something more useful. 


More controls 

MMBasic provides 11 different con- 
trols, including the spin box. The other 
controls are: 
Check Box — this is a check box with a 
caption. When touched, an X will be 
drawn inside the box to indicate that 
this option has been selected and the 
control’s value will be set to 1. When 
touched a second time, the check mark 
will be removed and the control’s val- 
ue will be zero. 
Push Button — a momentary button 
which is a square switch with a caption 
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on its face. When touched, the visual 
image of the button will appear to be 
pressed (on) and the control’s value 
will be 1. When the touch is removed, 
the image will return to the off state 
and the value will revert to zero. 
Switch — the switch control will draw 
a latching switch with a caption on 
its face. When touched, the visual 
image of the button will appear to be 
pressed and the control’s value will be 
1. When touched a second time, the 
switch will be released and the value 
will revert to zero. 

Radio Button — this will draw a radio 
button with a caption beside it. When 
touched, the centre of the button will 
be illuminated to indicate that this op- 
tion has been selected and the control's 
value will be 1. 

Radio buttons are grouped together 
when surrounded by a frame (see be- 
low) and when one button in the group 
is selected, all the others in the group 
will be deselected. If a frame is not 
used, all buttons on the screen will be 
grouped together. 

Frame — a frame is a box with round 
corners and a caption. It does not re- 
spond to touch but is useful when a 
group of controls need to be brought 
together. It can also used to surround 
a group of radio buttons and MMBasic 
will arrange for the radio buttons sur- 
rounded by the frame to be exclusive, 
as described previously. 

LED — this is an indicator light (it looks 
like a panel-mounted LED) with a 
caption. When its value is set to non- 
zero it will be illuminated and when 
it is set to zero, it will be off (a dull 
version of its colour). If needed, the 
colour of the LED can be changed on 
the fly. The LED graphic does not re- 
spond to touch. 

Display box — a box with rounded cor- 
ners containing some text. Any text 
can be displayed in the box by using 
the CTRLVAL(#ref) = command. It 
does not respond to touch and is use- 
ful for displaying text, numbers and 
messages. 

Caption — this will draw a text string 
on the screen. It is similar to the basic 
drawing command TEXT, the differ- 
ence being that MMBasic will automat- 
ically manage this control by dimming 
or hiding it when needed. 

Text Box — an advanced control that al- 
lows the user to enter text via an on- 
screen QWERTY keyboard. Normally, 
this control is just a rounded box con- 
taining some text but when touched, 
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SDiCardiEunctions 


MMBasic on the Micromite Plus supports the standard BASIC commands for 
working with storage systems. This is a brief summary; the "Micromite Plus 


Addendum" PDF goes into more detail: 


OPEN fname$ FOR mode AS #fnbr - open a file for reading or writing. 
PRINT #fnbr, expression [[,; Jexpression] . . . etc — output text to the file opened 


as #fnbr. 


INPUT stfnbr, list of variables — read a list of comma separated data into the 
variables specified from the file previously opened as #fnbr. 


LINE INPUT #fnbr, variable$ — read a complete line into the string variable 
specified from the file previously opened as #fnbr. 


CLOSE #fnbr [,#fnbr] . . . - close the file(s) previously opened with the file 


number ‘#fnbr’. 


Programs and images can be loaded from the SD card while programs can also 


be saved: 


e LOAD fname$ [, R] - load a BASIC program from the SD Card. “,R” will cause 


the program to also be run. 


€ SAVE fname$ - save the current program to the SD card. 


@ LOAD IMAGE filename$ [, StartX, StartY] - loads a BMP image from the SD card 
and displays it on the attached LCD display. 


Basic file and directory manipulation can be done from within a BASIC program: 


FILES [wildcard] - search the current directory and list the files/directories found. 


KILL fname$ — delete a file in the current directory. 


MKDIR dname$ — make a sub-directory in the current directory. 


CHDIR dname$ - change into to the directory dname$. 
RMDIR dir$ — remove or delete the directory "dir$" on the SD card. 
SEEK #fnbr, pos — will position the read/write pointer in a file that has been 


opened for RANDOM access. 


There are also a number of functions that support the above commands: 
INPUTS( nbr, #fnbr) — will return a string composed of “nbr” characters read 


from a file previously opened for INPUT. 


DIRS( Apes pe ] - will search an SD card for files and return the names of 


entries foun 


EOF( #fnbr ) - will return true if the file with the file number #fnbr is positioned at 


the end of the file. 


LOCI #fnbr ) - for a file opened as RANDOM, this will return the current position 


of the read/write pointer in the file. 


LOF( #fnbr ) — will return the current length of the file in bytes. 


a full QWERTY keyboard will appear 
and all other controls will be dimmed 
and disabled — see Fig.5. Using this vir- 
tual keyboard, any text can be entered 
into the box, including upper/lower 
case letters, numbers and any other 
characters in the ASCII character set. 
Number Box — a number box is similar 
to the text box described above except 
that when touched, it will display a 
numeric keypad on the screen. Using 


this virtual keypad, any number can 
be entered into the box including a 
floating point number in exponential 
format. The new number will replace 
the number previously in the box. 


Click sound 

When a control is touched, it is 
animated by MMBasic to provide vis- 
ual feedback to the person touching it. 
To add to the impression that this is a 
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Pump Control 


physical object, MMBasic can also gen- 
erate a click sound at the same time. 

This is done by adding a standard 
piezo buzzer to an I/O pin and telling 
the Micromite Plus the pin number in 
the OPTION TOUCH command. Then, 
whenever a touch-sensitive control 
is touched, MMBasic will generate a 
short pulse on that pin to produce a 
simulated click sound. 


Transistor driver 


The I/O pins on the Micromite Plus 
do not have sufficient drive capability 
for most piezo buzzers, so you should 
use a transistor as the driver. The Ex- 
plore 100 does this and it provides a 
good example of how to implement 
this feature. 


Reference numbers 

All controls are identified with a 
reference number when first created. 
This number is then used whenever 
you want to do something associated 
with the control. The number must be 
in the range of 1-100 which caters for 
up to 100 simultaneously active con- 
trols in a program. 

For example, you might create a 
switch with a reference number of 41 
and then later hide it: 


GUI SWITCH 41, c$, x, y, etc 
GUI HIDE 41 


In a program with a lot of controls, 
using simple numbers can be confus- 
ing. For example, what do controls that 
have been designated 87 and 41 do? 

For this reason, it is good practice to 
define the control reference numbers 
as aconstant with a meaningful name. 
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You can then use the name throughout 
your program and it will be obvious 
to the casual reader what the control 
does. For example: 


CONST PwrSwitch = 41 
GUI SWITCH PwrSwitch, c$, x, y, etc 
GUI HIDE PwrSwitch 


Interacting with controls 

Most controls have a value which 
can be read and set. For example, you 
can read the value of a check box with 
the CTRLVAL(#ref) function. You can 
also set the value by assigning a value 
to the function (ie, using it as a com- 
mand). For example: 


CTRLVAL(#ref) = 1 


will set the value of the check box 
to true and cause the visual image of 
the check box to be checked — just as 
if the user had touched the on-screen 
check box. This is useful when setting 
defaults and interacting with other 
controls. 

The value returned by this function 
depends on the control; for some it is 
a number and for others it is a string. 
MMBasic will automatically return 
the correct type of data and will also 
expect the correct type of data when 


The author has produced a video 
which describes and demonstrates 


the capabilities of the Micromite 
Plus. You'll find it at: 


https://youtu.be/j12LidkzG2A 


Fig.5: the Text Box control 
displays a full on-screen QWERTY 
keyboard when touched. This 
allows the user to enter any text 
using the full ASCII character 

set, including numbers and 
punctuation. The up arrow 

will shift lower/upper case 

and the “&12” key will change 

the keyboard to a number and 
punctuation layout. Note that the 
other objects on the screen are 
automatically dimmed to indicate 
that they cannot be used while the 
keyboard is on the screen. 


you are setting a value. For example, 
setting the value ofa frame will change 
the caption of the frame (which is a 
string) and therefore you must sup- 
ply a string. 


Modifying a control 

There are a range of commands and 
functions that you can use to modify a 
control after it has been created. They 
include: 
GUI FCOLOUR — changes the foreground 
colour ofthe control. This is especially 
useful for the LED control. 
GUI BCOLOUR — changes the background 
colour of a control. 
GUI DISABLE — disables one or more 
control(s). Disabled controls do not 
respond to touch and will be dimmed 
on the screen. 
GUI ENABLE — undoes the effects of GUI 
DISABLE and restore the control(s) to 
normal operation. 
GUI HIDE — hides one or more control(s). 
Hidden controls will not respond to 
touch and will be replaced on the 
screen with the current background 
colour (ie, they are erased). 
GUI SHOW — undoes the effects of GUI 
HIDE and restores the controls to full 
visibility and normal operation. 
GUI DELETE — deletes one or more 
controls. This includes removing the 
image of the control from the screen 
and freeing the memory used by the 
control. 


Next month 

That's it for now. Next month, we'll 
get into more advanced topics such 
as touch interrupts, screen pages and 
message boxes. SC 
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First PIC32 MCUs with Core 
Independent Peripherals 


As the first PIC32 microcontrollers to offer Core Independent Peripherals, the 
PIC32MM family delivers cost-effective, low-power embedded control for loT, 
consumer, industrial and sensorless BLDC applications. 


The Core Independent Peripherals, such as Configurable Logic Cells (CLCs) and 
Multiple Output Capture Compare PWMs (MCCPss), offload tasks from the CPU to 
deliver lower power consumption and lower design complexity. Additional power 
savings, enabled by low-power sleep modes, plus small, 4 x 4 mm package 
options support longer battery life in space-constrained applications. 


Contact Information 

Microchip Technology Australia 
Email: aust_nz.inquiry@microchip.com 
Phone: +61 (2) 9868-6733 


www.microchip.com/PIC32MM 


The Microchip name and logo and the Microchip logo are registered trademarks of Microchip Technology Incorporated in the U.S.A. and other countries. All other trademarks are the property of their registered 
owners. © 2016 Microchip Technology Inc. All rights reserved. 
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The Explore 64 and the Micromite LCD BackPack have had an 
illicit affair and here are the secret baby photos to prove it! It 
has its mother’s eyes and father’s brain. OK, that’s not really 
true; what we have done is taken the best features of each project 
and put them together onto a single board. Use it to supercharge 
your BackPack project or just as a convenient and cost-effective 


controller module. 


EADERS WILL have noticed that 
we've published a number of 
projects based on the Micromite LCD 
BackPack, first described in our Feb- 
ruary 2016 issue. It's a very conveni- 
ent way of providing user control and 
feedback for a project and combines 
the user interface and control logic in 
a compact module. Because it doesn't 
cost too much, we can integrate it 
into a larger project without making 
it overly expensive. And thanks to 
Geoff Graham's MMBasic interpreter, 
constructors can easily upgrade and 
modify our designs. 
As it stands, the biggest problem 
with the BackPack is the limitation 
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of the DIP (through-hole) PIC32 pro- 
cessor. It has significantly less flash 
memory and RAM and a much lower 
operating frequency compared to the 
surface-mount versions. The BASIC 
interpreter overhead exacerbates all 
of these. It also lacks the SD card and 
USB interfaces introduced with the 
Micromite Plus in the August issue. 
The micro used in the Micromite 
Plus Explore 64/100 projects puts the 
original to shame, with a much more 
generous helping of RAM and flash, 
much better speed (2.5 times as fast) 
and sufficient spare memory and pins 
to implement onboard microSD card 
and USB interfaces. But while the Ex- 


plore 64 can interface with many dif- 
ferent displays, you have to wire it up 
yourself and the 5-inch touchscreen 
is quite expensive. So those projects 
can't easily replace the LCD BackPack. 
But this one can! We have combined 
the convenience and low cost of the 
original BackPack with all those new 
Micromite Plus features. The Micro- 
mite Plus LCD BackPack uses the same 
2.8-inch touchscreen TFT as before 
but has the enhanced processor and 
peripherals of the Explore 64. 


Backwards compatibility 


One of the main aims when design- 
ing the Plus BackPack was to make it 
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easy to improve projects that used the 
original BackPack. The original Back- 
Pack has three main connectors: one 
for 5V power and the serial terminal 
(CON1, four pins), one for the TFT in- 
terface (CON3, 14 pins) and one for in- 
terfacing to external circuitry (CON2, 
18 pins). It also has an in-circuit serial 
programming (ICSP) connector for the 
microcontroller (CONA, six pins). 

On the Micromite Plus LCD Back- 
Pack, we have fitted identical connec- 
tors, with the same names, positions 
and sizes. The PCB is the same size 
too, with mounting holes in the same 
positions. So it's largely a “drop-in” 
replacement. 

There are differences, however, in 
some of the pin numbers and proper- 
ties assigned to these connectors. Go- 
ing through each connector in turn, 
these differences are: 

9 CONI: the pinout is still 5V/Tx/ 
Rx/GND, however the Micromite Plus 
uses pins 58 and 6 as the console Tx 
and Rx, compared to pins 11 and 12 
on the original Micromite and the Mi- 
cromite Mk2. However, the difference 
in these pin numbers should not affect 
usage at all. 

9 CON2: we have kept the functions 
of each pin in this I/O header as close 
as possible to those for the original 
BackPack. However to keep the func- 
tions identical, we had to change most 
of the pin numbers. That means that 
you will need to change the software to 
use the new pin numbers — see Table 1 
for a comparison. Note that this same 
information is also shown in the cir- 
cuit diagram which is discussed below. 

There are only two small losses of 

function in this header (this was una- 
voidable). First, pins 8 and 11 are no 
longer 5V-tolerant and second, pins 9 
and 10 can no longer operate as count 
inputs. But there are two extra benefits 
to the new configuration: four new 
analog-capable inputs at pins 5, 6, 8 
and 11 and the SPI bus is no longer 
shared with the one driving the TFT 
and touch sensor. 
9 CON3: this is intended to plug into 
the same ILI9341-based TFT display 
as the original BackPack. The pin 
functions are essentially the same al- 
though again, some of the numbers 
have changed and thus the display/ 
touch initialisation commands have 
changed (we'll go over this later). Table 
2 shows how the pins are connected 
to the display board on both the origi- 
nal and new designs. 
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Eeaturesmisnecificationms 


Display: 65,536 colour, 2.8-inch (7cm) diagonal TFT LCD with 320 x 240 pixel 
resolution and software backlight brightness control i 


© Input system: resistive touchscreen 


€ Processor: Microchip 32-bit 120MHz microcontroller with 512KB flash memory 


and 128KB RAM 


e Available memory: 100KB flash program space, 100KB RAM 


e |/Os: 31 free input/output pins including 17 analog inputs, 14 5V-tolerant pins, 
hardware SPI and |2C buses, two (or three) serial ports, four PWM outputs, a 
PS/2 keyboard interface, three frequency counting inputs, a wake-up pin (for 


sleep mode) and an infrared input pin 


* Digital |/O current capability: 1 5mA sink/source 
© Communications protocols: SPI, I2C, asynchronous serial, RS-232, IEEE 485 and 


Dallas 1-Wire 


€ USB support: Integrated USB 2.0 interface with virtual serial port 


€ SD card support: handles cards up to 64GB with onboard microSD socket and 
SD card socket on back of display module 


Interpreter: Built-in MMBasic with support for 64-bit integers, floating point, 
strings, arrays and user-defined subroutines and functions 


Standard Micromite features: includes built-in communications protocols, PWM 
and SERVO outputs, variable CPU speed, sleep mode, watchdog timer and au- 


tomatic start & run 


Additional features: built-in support for infrared remote receivers, tempera- 
ture sensors, humidity sensors, distance sensors, numeric keypads and battery- 


backed real-time clocks 


Graphics commands: CLS, PIXEL, LINE, BOX, RBOX, CIRCLE, TEXT and BITMAP, 


using the full range of colours 


Advanced graphics commands: these include on-screen keyboards, buttons, 


switches, c 


eck boxes and radio buttons 


© Font support: six built-in fonts plus the ability to load custom user fonts 


* Code editing: on-screen editor support when PS/2 keyboard is connected 
© Power supply: 5V (4.5-5.5V) @ 80mA (backlight off) up to 250mA (backlight at 


full brightness) 


* Dimensions: 50 x 86 x 27mm (same as original LCD BackPack) 


© Compatibility: connector positions and pin-outs compatible with original LCD 


BackPack 


Overall cost: similar to original LCD BackPack 


As noted earlier, the SPI2 bus is used 
for the TFT (this is required by MM- 
Basic) while the SPI1 bus is connected 
to CON2, for interfacing with external 
circuitry. This has a major advantage 
compared to the original BackPack 
as MMBasic’s use of the SPI bus for 
graphics commands and touch sensing 
will not interfere with SPI data sent 
via CON2. This is especially helpful 
when using touch interrupts or using 
the SPI bus or graphics commands in 
interrupt handler routines. 

Another major improvement over 


the original BackPack is the deletion 
of VR1 for TFT backlight control. The 
backlight is now driven by a Mosfet 
which can have its gate controlled 
via the PWM2A output for software- 
controlled dimming over a wide range. 
The backlight can be turned off entire- 
ly when not used, which is especially 
helpful for battery-powered devices 
as it typically draws most of the sup- 
ply current. 

® CONS: the ICSP header is connect- 
ed to PGED1/PGEC1 in both versions, 
which are pins 4 and 5 on the original 
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a 


Original BackPack Plus BackPack 
RESET RESET 


3 SPI OUT 


8 SPI1 OUT 


4 


12 


5 


14 


9 COM2:1X 
10 COM2:RX 13 COM2:RX 


11 COM2:1X 


22 COMI:RX 


25 SPI CLK 


14 SPI IN 45 SPI1 IN 
8 16 COUNT/WAKEUP/IR 51 COUNT/WAKEUP/IR 
9 17 COUNT/I?C CLOCK 44 |2C CLOCK 
10 18 COUNT/I?C DATA 43 I2C DATA 
21 COM1:1X 15 COM1:1X 


59 COM1:RX 
24 
50 SPI1 CLK 


45V 
GND 


Note: blue indicates analog pin. Red indicate 5V-tolerant pin. 


27 
+3.3V 


Table/2: CONS Functionsiin Original BackPackivs Plus BackPack 
etie | Tien [Ovo [Peek | 


pwc m 


2 


3 SPI OUT 5 SPI2 OUT 


SCK 


LED (backlight) 


25 SPI CLK 4 SPI2 CLK 


to pin = Cor 
via QI & Q2 


to VRI 


| 9? |  SDOIMOSI 14 SPI IN 47 SPI2 NET 
| 100 | T CK 25 SPI CLK 4 SPI2 CLK 


3 SPI OUT 


5 SPI2 OUT 


T_DO 14 SPI IN 47 SPI2 IN/PWM2B 
TRG Bon | > | 


BackPack and pins 16 and 15 on the 
Plus BackPack. On the original Back- 
Pack, these pins were also routed to 
CON2 and so the external circuit de- 
sign had to take this into account if the 
chip could be re-programmed in-situ. 

In contrast, on the Plus BackPack, 


66 SILICON CHIP 


only pin 11 on CON2 (pin 21 of the mi- 
cro, COM1:TX) is so affected. The oth- 
er programming pin is routed to new 
header CONS and will rarely be used. 

Soin summary, to adapt software de- 
signed for the original LCD BackPack 
to the Plus BackPack, I/O pin numbers 


will need to be adjusted and you will 
need to ensure that you use the SPI1 
bus and that pins 8 and 11 of CON2 are 
not required to be 5V-tolerant. 


New features 

Five new connectors have been 
added, with the following functions: 
* CONSG:sincethe Micromite Plus has 
many more I/O pins than the original 
Micromite, we’ve added this extra 
21-pin header to give access to most 
of those additional pins, for projects 
which may exhaust the connections 
available on CON2. This connector’s 
pin-out has some similarities to CON6 
on the Explore 64. However, we've had 
to use a number of different pins here 
because the others were already in use 
for other purposes. 

In summary, the pins on CON6 con- 
sist of nine analog-capable inputs, 11 
5V-tolerant digital inputs, four PWM- 
capable outputs, two pins which can 
be used to connect a PS/2 keyboard, 
two counting inputs plus the same 
3-pin SPI bus which is wired to CON2. 
Note that besides this shared SPI bus, 
none ofthe other pins are used for any 
other purpose and thus you are free 
to do what you like with them (with 
one slight exception, see the follow- 
ing section). 
® CONS: this 3-pin header provides 
a convenient place to connect to the 
COM3 Tx/Rx pins (16 & 17 on IC1) as 
well as pin 33, if it is not being used 
as USBID (ie, if shorting block SB1 is 
not shorted). Unless you need to use 
the COMG port, you're unlikely to need 
this header and it can be left off. 

Note that pins 16 & 17 are already 
connected to CON4 and CONG respec- 
tively, however since CONA is for in- 
circuit programming, you would not 
want to connect a COM port there. 
Note also that pin 33, USBID is only re- 
ally needed for “USB on-the-go” (USB 
OTG) which would probably require a 
different connector for CON8 and thus 
is most useful as a 5V-tolerant general 
purpose digital input; it can not oper- 
ate as an output. 
® CONT: this allows the use of the 
SD card socket on the TFT module. To 
use this, you need to fit a 4-pin female 
socket in this location and a matching 
pin header on the back ofthe TFT mod- 
ule. The SD card's CS-bar, MOSI, MISO 
and SCK lines are routed to pins 21,5, 
47 and 4 on IC1 respectively. Since the 
latter three pins are SPI2 OUT, SPI2 IN 
and SPI2 CLK, this makes interfacing 
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with an SD card easy; the commands 
to do this are shown later. 

Power for the SD card on the TFT 
module comes from a 3.3V regulator 
(on the module) that draws from the 
5V supplied via CON3. So one ad- 
vantage of using that SD card socket 
is that it doesn’t reduce the current 
available from the 3.3V rail on the 
BackPack PCB. 
® CONS: the onboard USB socket 
which can be used as a serial console. 
It's quite convenient since all you need 
is a USB Type-A to microUSB cable 
to communicate with the Micromite 
Plus. However as noted in the earlier 
articles on the Micromite Plus, it has 
the disadvantage that the console is 
reset whenever the micro is reset (eg, 
when S1 is pressed). However, our 
experience has been that this is not 
necessary very often so you certainly 
can program the Micromite Plus via 
this port. 

If JP1 is fitted, then the unit will be 
powered from this cable as well but 
take care that you don't back-feed 5V 
into the USB port since this could dam- 
age your PC. In other words, only fit 
JP1 if you are not powering the board 
from any other source. 

The alternative to using CONS for 

programming and communications 
is to use a USB/serial adaptor (as ex- 
plained in multiple previous articles) 
and wire it up to CONI (see Fig.3). This 
will allow the serial port to continue 
operating even if the Plus BackPack 
is reset. Power can also be supplied 
to the board via CON1, with the same 
proviso as above. 
9 CONG: the onboard microSD card 
socket. This is wired in parallel with 
CONT so if using this, you can't use 
the SD card socket on the TFT module 
and vice versa. 

The card is powered directly from 
the onboard 3.3V supply (from low- 
dropout linear regulator REG1) and is 
provided with a 10uF bypass capacitor. 
The only additional connection is from 
pin 22 of IC1 to the card detect switch 
on the socket. Later on, we'll show the 
command to configure the Micromite 
to usethis pin to detect card insertions 
and removals. 


Circuit description 

The full circuit of the Micromite 
Plus BackPack board is shown in Fig.1. 
It consists mostly of microcontroller 
IC1 and its connections to CON1- 
CONSG, so essentially we have already 
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Parts List 


1 double-sided PCB, code 
07110161, 86 x 50mm 

1 ILI9341-based LCD module, 
320 x 240 pixels, 2.8-inch 
diagonal, with touch controller 

1 right-angle, through-hole, 
tactile pushbutton switch, 
short actuator (S1) 

1 20MHz crystal, low profile 
HC-49 (X1) 

2 4-pin headers, 2.54mm pitch 
(CON1 & SD card connector 
on display module) 

1 18-pin header, 2.54mm pitch 
(CON2) 

1 14-pin female header, 2.54mm 
pitch (CON3) 

1 6-pin right-angle header, 
2.54mm pitch (CON4; optional) 

1 3-pin header, 2.54mm pitch 
(CONS; optional) 

1 21-pin header, 2.54mm pitch 
(CON6) 

1 4-pin female header, 2.54mm 
pitch (CON7) 

1 SMD mini USB type B socket 
(CONS) (Altronics P1308 or 
similar) 

1 microSD card socket (CON9) 
(Altronics P5717 or similar) 

1 2-pin header, 2.54mm pitch, 
with shorting block (JP1) 

4 M3 x 12mm tapped spacers 

4 M3 x 6mm machine screws 

4 M3 x 8mm machine screws 

4 Nylon washers, 3mm ID, 6mm 
OD, 1mm thickness 

1 laser-cut jiffy box lid and UB5 
jiffy box (optional) 

1 USB-to-serial adaptor and 
jumper leads (optional, see text) 


described most of it above. But let's go 
over a few details. 

IC1 has a 20MHz crystal connected 
between oscillator pins 39 and 40, with 
22pF load capacitors. Its 100MHz or 
120MHz clock signal is derived from 
this using an internal PLL (phase- 
locked loop) frequency multiplier 
that's configured by the MMBasic soft- 
ware. A 10uF ceramic capacitor from 
pin 56 to ground stabilises its internal 
core supply rail. 

Display backlight control is via IC1's 
output pin 53, referred to in MMBasic 
as PWM 2A. Note that the PWM 2B 
function is shared with SPI2 IN, which 
is already dedicated to the display in- 


1 5V regulated power supply 
(see text) 


Semiconductors 

1 PIC32MX470F512H-120/PT 
microcontroller programmed 
with 0710816A.HEX (IC1) 

1 MCP1703A(T)-3302E/DB 
low-dropout 3.3V regulator, 
SOT-223 (REG1) 

1 MCP120(T)-270I/TT 2.7V 
supply supervisor, SOT-23 
(IC2; optional — see text) 

1 DMP2215L P-channel Mosfet, 
SOT-23 (Q1) 

1 2N7002 N-channel Mosfet, 
SOT-23 (Q2) 

1 green SMD LED* (LED1) 


Capacitors* 

4 10uF 6.3V ceramic, X5R or X7R 

6 100nF 50V ceramic, X5R or 
X7R 

2 22pF ceramic, COG/NPO 


Resistors (1% or 5%)* 
2 10kQ 14700 
2 1kQ 1100 


* Use SMD 3216 (1206 imperial) 
Size; 2012/0805 sizes are also suit- 
able but are not recommended for 
beginners 


Where to buy parts 

A complete kit for the Micromite 
Plus LCD BackPack will be available 
from the SILICON CHIP online shop, 
along with suitable laser-cut lids and 
separate items such asthe PCB and 
programmed microcontroller. 


terface, so there is no issue with inter- 
action between these two PWM func- 
tions that share the same timer. Pin 
53 drives the gate of N-channel Mos- 
fet Q2, which has a 10kQ pull-down 
resistor so that it is held off when the 
microcontroller is powering up, reset 
or not operating for some other reason. 

When pin 53 goes high, Q2 switches 
on and this pulls the gate of P-channel 
Mosfet Q1 low. It is normally held 
high by a 1kQ resistor from the 5V 
rail. When the gate of Q1 is pulled 
low, Q1 switches on, allowing power 
to flow from the 5V rail into the back- 
light LED anode pin, marked LED on 
CONS. The higher the duty cycle of the 
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Fig.1: the complete circuit diagram for the Micromite Plus LCD BackPack. It's primarily composed of PIC32 micro- 
controller IC1, which is programmed with the Micromite Plus firmware, plus connectors CON1-CON9 which give 


access to the I/O pins, interface with the touchscreen and provide the USB, serial and SD card interfaces. Mosfets Q1 & 
Q2 provide display backlight dimming while REG1 derives IC1’s 3.3V supply from the externally supplied, regulated 
5V rail. Pin numbers shown in parentheses refer to the original LCD BackPack. 


PWM signal from pin 53, the brighter 

the backlight. Commands to control 

the backlight will be shown later. 
The MCLR reset input of IC1 is held 
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high by a 10kQ pull-up resistor from 
the 3.3V rail, preventing spurious re- 
sets. The chip can be reset either by 
pressing onboard tactile pushbutton 


switch S1 or by pulling pin 1 of CONA 
low. A 470Q series resistor limits the 
current drawn from this pin when S1 
is pressed. 
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Fig.2: follow these top and bottom overlay diagrams to assemble the Micromite Plus LCD BackPack PCB. Most of the 
parts are SMDs and are fitted to the top side which later faces the rear of the attached LCD module. I/O connectors 
CON1, CON2, CONS and CONG, along with in-circuit programming header CON4, are fitted to the other side. Reset 
switch S1, USB socket CON8 and microSD card socket CON9 are accessed via the edges of the module. 


Like the LCD BackPack and Explore 
64, the Plus BackPack has provision 
for IC2, an MCP120 2.7V supply su- 
pervisor which will reset IC1 should 
the nominally 3.3V supply drop below 
2.7V. Normally, this is not necessary, 
however it may prevent the unit from 
misbehaving in a harsh environment. 
If you want to fit the MCP120, the only 
other component you need is fit is its 
adjacent 100nF bypass capacitor. 


Power supply 

The unit is intended to be powered 
from an external regulated 5V supply. 
The acceptable voltage range is 4.5- 
5.5V which means that the USB port 
of a PC or a USB charger is quite suit- 
able for powering the Plus BackPack, 
either via CON8 or flying leads con- 
nected between pins 1 and 4 of CON1. 

Current drain is up to 250mA with 
full brightness on the display back- 
light and the Micromite running at full 
speed. With the display backlight off, 
the supply current is more like 80mA 
and this can be reduced if the Micro- 
mite is in sleep mode or running at 
less than maximum speed. 

Note that you must not use an un- 
regulated 5V supply as these can easily 
reach over 6V which is the threshold 
for damage to REG1 and possibly other 
components (eg, the display module). 
REG1 is a 250mA 3.3V low-dropout 
regulator which can deliver the rated 
250mA with just 3.925V at the input. 
Its own supply current is just 2LA with 
a light load. It has 10uF input bypass 
and output filter capacitors. 

IC1 has five 100nF bypass capaci- 
tors, located near its five supply pins, 
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with a 10Q resistor to help filter its 
analog supply (AVDD). Finally, LED1 
indicates when power is present and 
is fed with around 1mA thanks to its 
1kQ series current limiting resistor. 
Note that pads are provided to mount 
LED1 on either side of the PCB, de- 
pending on your preference. 


PCB design 

The Micromite Plus LCD BackPack 
is built on a double-sided PCB meas- 
uring 86 x 50mm which is identical to 
the size ofthe original Micromite LCD 
BackPack. Most of the components 
are on one side, which ends up facing 
the back of the display module. Fig.2 
shows the details. 

Besides routing all the tracks from 
IC1 to the various connectors, our main 
goal was to keep high-speed signals 
separated to prevent cross-talk and to 
provide a low-resistance ground plane 
across the whole board to minimise 
EMI and inductive coupling between 
tracks. As such, it is studded with 
numerous vias between the top and 
bottom layer ground planes, includ- 
ing many under IC1. 


CONS and CON7 are located to plug . 


straight into the display module and 
the four mounting holes are spaced to 
suit that module too. CON1, CON2 and 
CONG can either be mounted on the 
back of the module or on the display 
side but using right-angle headers. 
CONS can be left off in most cases and 
if you only need a few I/O pins, you 
don't need to fit CONG either. 

The microSD card socket, CONS, is 
best used for permanent storage such 
as graphics or program data; it may 


be possible to design a case to allow 
access to insert and remove this card 
from outside but it would be difficult. 
This would be easier to arrange with 
the SD card socket on the display 
module, as the larger full-size SD card 
protrudes much further. 

CONA would normally be fitted as a 
right-angle header on the bottom ofthe 
board as shown on Fig.2, to reduce the 
overall height ofthe module, although 
there's nothing stopping you from us- 
inga straight header should you wish. 
CONG and S1 are easily accessed from 
the side of the module, despite being 
mounted between the two boards, al- 
though note that a cable plugged into 
CONS may interfere with plugging a 
PICkit 3 into CONA if using a right- 
angle header. 

Should you wish to mount some 
sort of "shield" on the back of the 
BackPack module (like we did in the 
Touchscreen Voltage/Current Refer- 
ence in next month's issue), the four 
mounting positions can be used to at- 
tach spacers on either side ofthe board. 


Construction 

Construction is quite similar to the 
Micromite Plus Explore 64 as we are 
using mostly the same parts. The only 
slightly tricky components to fit are 
IC1, CON8 and CONO as these have 
relatively close pin spacings. The 
other components either have wide 
spacings or are conventional through- 
hole types. 

The essential tools are a good magni- 
fier, plenty of flux and a steady hand. 
The magnifier needs to be at least x3 
power and preferably x10. A jeweller's 
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loupe can be used but the best option 
is a stereo microscope and SILICON CHIP 
reviewed some good candidates in the 
July 2014 and November 2015 issues. 
The flux should be a good quality flux 
paste/gel such as Cat. H1650A from 
Altronics or Cat. NS3036 from Jaycar. 

Fig.2 shows the parts layout on the 
Plus BackPack PCB. The first step is 
to install microcontroller IC1. Apply 
flux to all of its pads, then position 
the chip so that its pin 1 (marked with 
a dimple) is lined up with the pin 1 
marking on the PCB. Then hold it in 
position using a toothpick or tweezers 
and solder one corner pin. 

An alternative technique is to first 
apply solder to one pad, then heat 
the solder on that pad while quickly 
sliding the IC into place, after which 
you lift the iron off the board. This 
requires more practice but you can 
make several attempts, as long as you 
avoid spreading the solder onto adja- 
cent pins. 

Now check that the IC is correctly 
aligned; if not, re-melt the solder while 
gently nudging it into position. Once 
it's in position, apply more flux to all 
the pins and solder each one in turn, 
then recheck the first pin and add fresh 
solder if necessary. 

The technique here is simple; put a 
very small amount of solder on your 
iron's tip, touch the tip to the solder 
pad and slide it forwards to gently 
touch the first pin. The solder should 
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The Micromite 
Backpack PCB 
plugs directly 
into a 2.8-inch 
LCD. Note that 
this view shows 
a prototype PCB; 
the ICSP header 
(if used) goes on 
the other side 
of the PCB in 
the final version 
and there are 
other minor 
differences. 


freely flow around the pin and the pad. 
You should then be able to solder at 
least 15 more pins (one side of the IC) 
before you need to add more solder 
to the iron. 

The secret is to be generous with 
the flux, as this will allow the solder 
to flow freely onto the pads and their 
corresponding pins. Alternatively, if 
you have a mini-wave tip or a very 
steady hand, with sufficient flux in 
place, you can drag solder across one 
side (16 pins) in a single movement. 

Often you will find that you are 
actually soldering two or more pins 
simultaneously but the solder will 
not usually bridge the pins. If it does, 
this is an indication that you have too 
much solder on your iron. If any pins 
are bridged, come back later with sol- 
der wick (and more flux) and remove 
the excess. 

The SD card connector is next on 
the list. It's located on the PCB by two 
small plastic pins that match two holes 
on the board. Solder its four mounting 
lugs first, followed by the signal pins. 
These pins are soldered using the same 
technique as for IC1. 

Note that the SD card connector's 
pins are fragile and the plastic they 
are embedded in will melt iftoo much 
heat is applied, so only touch the sol- 
dering iron to the pins for a very short 
time. As before, apply plenty of flux 
before soldering. 

The mini USB connector can now go 


in. It also has locating pins to position 
it correctly. You may have to push it 
down firmly for it to sit flush with the 
board. Once again, solder the mount- 
ing lugs first and then the signal pins. 
These are a bit of a challenge as they 
are partially under the connector's 
body and you will need a fine-tipped 
soldering bit to reach them; we have 
extended the pads outside the body to 
make this easier. 

You can now solder REG1 in place. 
This has a large tab which connects to 
the copper ground plane on the PCB. 
Start by applying flux to all four pads, 
then slide it into place and solder one 
ofthe smaller leads before checking the 
positioning. Once you're happy, solder 
the other smaller leads and finally the 
large tab. It may take a few seconds to 
heat the part and PCB up enough to get 
a good solder joint on that tab. 

Follow with small Mosfets Q1 and 
Q2. These devices have wide pin 
spacings and heat up quite fast, so 
you should have them in place pretty 
quickly. If fitting the optional supply 
supervisor, IC2, which also comes in 
an SOT-23 package, whack that on 
now as well. 


Passive SMD components 

Soldering the passive SMD com- 
ponents requires a slightly different 
technique. Start by applying flux to 
one solder pad and then tin it by ap- 
plying a thin layer of solder to it. That 
done, you have two choices. 

First, you can place the component 
in position and hold it still with a 
toothpick or tweezers while you ap- 
ply the iron's tip to the end sitting on 
the tinned pad and the component 
lead will sink into the solder under- 
neath. Alternatively, you can slide 
the component into place while heat- 
ing the solder on the pad. The second 
technique will probably require more 
practice but it may be quicker once 
you get used to it. 

Either way, once the component is 
secure, apply more flux and solder the 
other end before returning to the first 
to make sure that the joint is good. 
Once again, the secret is to use plen- 
ty of flux and don't forget that it may 
have boiled off one of the pads while 
you were soldering the other end of 
the component, so keep reapplying it. 

Solder the six resistors and 12 ca- 
pacitors using this method. 

LED1 (the power indicator LED) is 
the last SMD to be fitted. This device 
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is polarised and should be marked 
with a bar or dot on the cathode end. 
Some LEDs might be different so it is 
a good practice to use a multimeter's 
diode test facility to check the polar- 
ity. Solder it in place with the cathode 
towards the top edge of the board, as 
shown in Fig.2. 

It's up to you whether to put it on 
the same side ofthe board as the other 
SMDs, where it will ultimately face to- 
wards the front of the unit (ie, aimed 
at the back of the TFT module) or on 
the other side, where it will be more 
visible but facing the back of the unit. 


Through-hole components 


Install crystal X1 using the usual 
method. PCBs supplied by SILICON 
CHIP will have solder mask over the 
top side of the mounting pads so it 
should be possible to push the crystal 
can right down onto the PCB surface 
before soldering it. 

Next comes tactile pushbutton S1, 
which is soldered into place with its 
actuator sticking out (barely) over the 
edge of the PCB. Push its pins all the 
way down before soldering them. Now 
you can solder headers CON3 and 
CON7 in place, on the same side as 
the other components. You may find 
it best to temporarily plug in the TFT 
module and attach it using the tapped 
spacers to ensure these are positioned 
correctly. 

Now you can solder CON1, CON2 
and optionally CON4, CON5 & CON6 
to the opposite side of the PCB. Make 
sure they're all straight and flat on 
the board before soldering more than 
two pins. 

JP1 can go on either side of the 
board. We've shown it on the side that 
will face the TFT module but this does 
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Fig.3: the Micromite LCD BackPack is connected to your PC using a USB-to- 
serial converter. All programming and control of the Micromite is carried 


out via the console using a terminal emulator on the PC. Once the program is 
debugged and running, you can then disconnect the USB-to-serial converter. 


make it difficult to change when the 
display module is in place (which may 
or may not be a good thing). 

Finally, it's time to attach the TFT 
module. Use M3 x 6mm machine 
screws to attach M3 x 12mm tapped 
spacers to each mounting hole, with 
the spacers on the same side as CON3 
and CON7. Then plug the module 
into both CON3 and CON7 (noting 
that you'll need to fit the 4-pin male 
header on the TFT module, as it comes 
without it). Attach the module to the 
spacers using the slightly longer ma- 
chine screws, with the Nylon washers 
under each screw head. These will be 
used as spacers later if you decide to 
attach the whole thing to the lid of a 
box or case. 


Loading the firmware 


Programmed PIC32s are available 
from the SILICON CHIP Online Shop 
and will be supplied with any Mi- 
cromite Plus LCD BackPack kits pur- 
chased. If using a blank PIC32 chip, 
you will need to program it yourself. 
In this case, you will need a suitable 
programmer such as a PICkit 3 from 
Microchip. This can be used to pro- 
gram IC1 via CON4. 

The first step is to download the 
firmware from the SILICON CHIP web- 
site and extract the Micromite Plus 
hex file (ie, the firmware). It's then just 
a matter of using your computer and 
the MPLAB software supplied with 
the PICkit 3 (or downloaded from Mi- 
crochip) to program the hex file into 
the microcontroller; see page 26 of the 
February 2016 issue for further details. 

During this procedure, the PICkit 3 
will verify the programming operation 
by reading back the data on the chip. 
If it reports a fault, you will need to 


fix that before progressing. Usually, 
though, the programming operation 
will be verified as OK, indicating that 
the PIC32 has been correctly pro- 
grammed. 


Serial console 

To set up and use the Plus BackPack, 
you must connect a terminal emulator 
to its console. The console is a serial 
interface over which you can issue 
commands to MMBasic to configure 
the chip and edit or run programs. 
MMBasic also uses the console to dis- 
play error messages. 

As mentioned earlier, the Plus Back- 
Pack actually has two consoles, one 
serial and one USB. A USB-to-serial 
converter is required in order to use 
the hard-wired serial console. One end 
of this converter plugs into a USB port 
on your computer, while the other end 
connects to the Micromite’s serial con- 
sole — see Fig.3. To your computer, it 
will look like a serial port (via USB), 
while the connection to the Micromite 
Plus is a standard serial interface with 
TTL (0-3.3V) signals levels. 

JP1 must be installed if you want to 
power the Plus BackPack via CONS. 
However, it must NOT be fitted if you 
are powering the unit externally and if 
there’s any chance you will use CON8 
to access the USB console. So check 
whether your fitting of JP1 is correct 
before proceeding. 

We recommend converters based 
on the CP2102 chip. These are avail- 
able from the SILICON CHIP online 
shop at www.siliconchip.com.au/ 
Shop/7/3437 They are each supplied 
with a short DuPont female/female 
cable which plugs straight into the 
Plus BackPack board. 

Fig.3 shows how a CP2102-based 
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Connectors CON1 & CON2 
are mounted on the rear 
of the Backpack PCB as 
shown in the photo. CON4 
& CONS also go on this 
side of the board in the 
final version - see Fig.2. 


converter is connected to the BackPack 
(other types should be similar). Note 
that the converter feeds through the 
5V supply rail derived from the PC's 
USB port to power the Plus BackPack. 

When the converter is plugged into 
your computer and the correct driver 
is installed, it will appear as a serial 
port (eg, COM3 in Windows). You then 
need to start a terminal emulator on 
your computer. For Windows, we rec- 
ommend Tera Term V4.88 which can 
be downloaded for free from http:// 
tera-term.en.lo4d.com You will need 
to set its interface speed to 38,400 baud 
and connect it to the serial port created 
by the USB-to-serial converter. 

Once that's been done, hit the Enter 
key in the terminal emulator and you 
should see the Micromite's prompt 
(“>”) — Fig.4. You can then enter, edit 
and run programs from the command 
prompt using nothing more than the 
terminal emulator and a USB cable. 


Testing 

If you don't see the Micromite's 
prompt, something is definitely wrong 
and you will need to go through the 
following troubleshooting procedure. 
The first step is to measure the current 
drawn by the Plus BackPack from the 
5V power supply. With nothing at- 
tached to its I/O pins, this should be 
60-80mA. If it is substantially more or 
less than this, it indicates that some- 
thing is wrong with either the solder- 
ing, the microcontroller or its power 
supply. 

If this is the case, check that +3.3V is 
present on pins 10, 26, 38, 57 & 35 of 
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IC1 and on various other components 
— see Fig.1. If this checks out, check 
that the capacitor connected to pin 56 
(Vcap) of IC1 is correctly soldered and 
is the correct type; it must be a 10uF 
multi-layer ceramic type. A faulty ca- 
pacitor will prevent the internal CPU 
from running and the current drain 
will be quite low (less than 10mA). 

A disconnected pin can also prevent 
the micro from running, so check the 
soldering on IC1's pins. It's easy to miss 
a pin and leave it floating just above 
its solder pad and without a decent 
magnifier and bright light, this may 
not be obvious. 

Another cause of low current drain 
is either not programming the Micro- 
mite Plus firmware into the chip or 
ignoring an error during this opera- 
tion. Check that the micro has been 
correctly programmed. 

Ifthe current drain is about right, the 
next step is to attach the Plus BackPack 
console to your computer or terminal 
emulator as shown in Fig.3. You could 
also try using the USB connector as 
the console. 

With the console connected, press 
the Reset button on the BackPack and 
you should see the start-up banner as 
shown in Fig.4. Note that you will 
not see this banner if you are using 
the USB console because resetting 
the Plus BackPack will also reset the 
USB interface. 

If you don't see the start-up ban- 
ner you should check the console Tx 
pin for some activity when the Reset 
button is pressed (this indicates that 
MMBasic is outputting its start-up ban- 


ner). This can be done using a logic 
probe, oscilloscope or, at a pinch, a 
moving coil multimeter. If you do see 
some activity, the fault is probably ei- 
ther an incorrect console connection 
or is in the USB-to-serial converter. 


User manuals 

The Micromite Plus is quite an ad- 
vanced device. After all, it is a full 
computer with a multitude of facili- 
ties. Asa result, it has two user manu- 
als which together add up to almost 
200 pages. 

The first manual is called the “Mi- 
cromite User Manual" and it describes 
the features that are standard across 
the whole Micromite range, from the 
original 28-pin version to the 100-pin 
Micromite Plus (featured in the Sep- 
tember & October 2016 issues). 

The extra features of the Micromite 
Plus are described in the *Micromite 
Plus Addendum" which covers sub- 
jects such as the GUI functions, the SD 
card interface and other features that 
are only found in the Micromite Plus. 

Both manuals are in PDF format and 
available for free download from the 
SILICON CHIP website. Before you build 
and test the Plus BackPack, it would 
be worthwhile downloading and look- 
ing through them as they provide a lot 
more information than we can fit into 
these pages. 


Configuring the display 

While MMBasic for the Micromite 
Plus has inbuilt support for 10 differ- 
ent LCD panels, the Plus BackPack is 
specifically designed to attach to the 
2.8-inch diagonal 320x240 display 
with an ILI9341 controller. For details 
on how to connect it to other types of 
display, see the Explore 64 article in 
the August 2016 issue (pages 70 & 71). 

Before configuring the display, you 
need to turn the backlight on or else it 
will be very difficult to see anything. 
Do this using the following command: 
PWM 2, 1000, 50 

This sets the brightness to 50% (ap- 
proximately). You can adjust this value 
later if required. Assuming you can see 


that the backlight is now on, proceed 
to configure the display as follows: 


OPTION LCDPANEL ILI9341, L, 
2, 23, 29 

To test the display, enter the com- 
mand: 
GUI TEST LCDPANEL 
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You should immediately see an ani- 
mated display of colour circles being 
rapidly drawn on top of each other. 
Pressing the space bar on the console’s 
keyboard stops the test. Note that once 
the display has been configured, you 
don’t need to do it again as the con- 
figuration options are stored in the 
micro’s flash memory. 


Configuring touch 

Once the LCD panel has been con- 
figured, you can set up touch sensing 
using the following command: 


OPTION TOUCH 1, 3 


If you have connected a piezo buzzer 
to one of the unit’s pins via a driving 
transistor and want this buzzer to click 
when the screen is touched, you can 
add this pin number onto the end of 
the command (with a comma separat- 
ing it from the final digit). 

As with other options, this com- 
mand only needs to be run once and 
every time the Micromite is restarted, 
MMBasic will automatically initialise 
the touch controller. If the touch facil- 
ity is no longer required, the command 
OPTION TOUCH DISABLE can be used 
to disable the touch feature and return 
the I/O pins for general use. 

Before the touch facility can be used, 
it must be calibrated using the GUI 
CALIBRATE command. The calibration 
process starts with MMBasic display- 
ing a target in the top-left corner of the 
screen. A blunt, pointed object such 
as a Stylus is then pressed exactly in 
the centre of the target and held down 
for at least one second. MMBasic will 
record this location and then continue 
the calibration by sequentially dis- 
playing the target in the other three 
corners of the screen. 

Following calibration, you can test 
the touch facility using the GUI TEST 
TOUCH command which will blank the 
screen and wait for a touch. When the 
screen is touched witha stylus, a white 
dot will appear on the display. If the 
calibration was carried out success- 
fully, this dot will be displayed ex- 
actly under the location of the stylus. 
Pressing the space bar on the console’s 
keyboard exits the test routine. 


Configuring an SD card 

Now that you've set up the display 
and touch interfaces, you can config- 
ure itto use an SD card. Assuming you 
have fitted CON7 and the matching 
header on the TFT module, you can 


siliconchip.com.au 


plug a full-size SD card into the socket 
on the back of the display. Whether or 
not you have done this, you also have 
the option of plugging a microSD card 
into the onboard socket. You can't use 
both at the same time, though. 

We would have liked to provide 
separate CS lines so that both sockets 
could be used however the Micro- 
mite Plus software requires a reboot 
to change the CS pin, making this 
impractical. So for now, they are con- 
nected in parallel and only one can be 
used at a time. 

Before plugging in the card, you 
need to run the OPTION SDCARD com- 
mand. Note that this must be entered 
at the command prompt and can not 
be used in a program. To set up the 
microSD card socket, use: 


OPTION SDCARD 21, 22 
or for the full-size card socket: 
OPTION SDCARD 21 


Unfortunately, the TFT module does 
not break out the card detect pin on the 
full-size socket, so you can't change 
the card while the unit is running. 
After running either command, you 
will need to restart the Plus BackPack 
(eg, with reset button S1). After that, 
MMBasic will automatically initialise 
the SD card interface each time. 


SD card not required 

If the SD card is no longer requir- 
ed, the command OPTION SDCARD 
DISABLE can be used which will dis- 
able the SD card and return the I/O 
pins for general use. 

To verify the configuration, you 
can use the command OPTION LIST 
to list all options that have been set, 
including the configuration of the SD 
card. As another test, you can pop an 
SD card into the slot and run the com- 
mand FILES, This will list all the files 
and directories on the card. 

Note that some SD cards can be 
temperamental and may not work so 
if you encounter a problem here, try a 
few SD cards before deciding that you 
have a fault. For example, some cards 
(especially high capacity, fast types) 
may demand more current than the 
power supply on the Plus BackPack 
can provide. 


USB interface 


The USB interface on the Plus 
BackPack doesn't need configuring. 
MMBasic monitors the interface and 


Micromite Plus MMBasic Ver 5.2 
Copyright 2011-2016 Geoff Graham 


> 


Fig.4: this is what you should see in 
your terminal emulator when you 
press the reset button on the Micromite 
Plus LCD BackPack. If you don’t see 
this, the probable reason is that the 
USB-serial converter is not connected 
correctly. 


if it detects a host computer, it will 
automatically configure it for serial 
emulation over USB. 

A Windows-based host computer 
(versions before Windows 10) will re- 
quire the installation of the “SILICON 
CHIP Serial Port Driver", which can 
be downloaded from the SILICON CHIP 
website. Macintosh and Linux based 
computers do not need a device driver, 
as support is built into the operating 
system. 

Windows 10 should not require any 
drivers to be installed. 

Once configured, the USB interface 
works just like a serial port that's con- 
nected to the console. You can start up 
aterminal emulator such as Tera Term 
for Windows and tell it to connect to 
the virtual serial port created by the 
Micromite Plus. 

Anything outputted by the Micro- 
mite Plus will be sent out on both the 
USB interface and the serial console. 
Similarly, anything received on ei- 
ther of these interfaces will be sent to 
MMBasic. 

One benefit of using the USB in- 
terface as the console is that you can 
disable the serial console. This allows 
you to use the I/O pins allocated to the 
serial console for other duties, includ- 
ing use as a fourth serial I/O port. This 
is described further in the “Micromite 
Plus Addendum". 


Further details 


We're publishing further informa- 
tion on how to use the graphics, GUI, 
SD card and touch functions of the 
Micromite Plus in two feature articles, 
one in this month's issue (p58-62) and 
the second in next month's issue. For 
further details, refer to the Micromite 
user manual and addendum, available 
for free download from the SILICON 
CHIP website, Geoff Graham's website 
at http://geoffg.net and The Back Shed 
forum at www.thebackshed.com SC 
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4 Bake your Raspberry Pi 


j a relay board to open or 
close your garage door 
remotely 


By Greg Swain & Nicholas Vinen 


Ever driven 1km down the road and wondered if you had closed 
the garage door? Well, by installing a WiFi camera and an app on 
your smartphone, you can easily check the door’s status. Add an 
RPi computer that’s coupled to a garage-door remote and you can 
also use the phone to open or close the door via a web browser. 


E’VE ALL done it — driven off and then couldn't 
remember whether or not the garage door had 
been closed. 

Fortunately, a mix of technology makes it easy to rem- 
edy that situation. The ingredients are simple: take one 
IP camera to monitor the garage, add a spare garage re- 
mote, mix in your smart-phone and bake them all with 
a $60 Raspberry Pi (RPi) computer and a 3-way relay 
board. Once it's all done, you can use the smart-phone 
(or a PC) to “see” inside your garage and control up to 
three doors by “pressing” virtual buttons on a web page 
served up by the RPi 

When you press a web-page button, the RPi momen- 
tarily sends one of its I/O pins high to pulse a relay 
on. The relay's NO (normally open) contacts are wired 
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across one of the remote's switches. When they close, 
this simulates a button press and the garage door opens 
or closes accordingly. If you have more than one door, 
it's just a matter of wiring another set of relay contacts 
acoss the relevant button on the remote. 

This set-up can not only remotely close a garage door 
if you've accidentally left it open but is also useful if 
you want to give someone access to the garage when 
you're not at home; eg, to have building materials 
delivered. It also lets you gain access to the garage if 
you've accidentally left your garage remote at work or 
lost it. 

In summary then, the RPi has two functions: (1) it 
serves up the web page with the garage door control but- 
tons; and (2) it briefly pulses the garage-door remote via 
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the relay board. The separate camera app on your phone 
simply lets you check the garage door status. 

As shown in the photos, the web page served up by 
the RPi has nine control buttons, three for each relay. In 
each case, the “pulse output x” button pulses the associ- 
ated relay on for half a second (0.5s), while the “output 
on x” and “output off x” buttons respectively toggle the 
relay on and off. 

So as well as briefly pulsing the relays on, you can 
also toggle them on or off to switch low-voltage devices. 


RPi relay board 

The Waveshare RPi Relay Board used here supports 
the Raspberry Pi A+, B+, 2B and 3B models. It has three 
relays and plugs directly into the RPi’s 40-pin I/O head- 
er. 

In operation, the relays are driven via optocouplers, 
while their contacts are brought out to 3-way screw 
terminal blocks. Separate on-board status LEDs are used 
to indicate whether each relay is on or off. 

By default, the relays are controlled by pins 37, 38 & 
40 on the RPi's I/O header, as selected by three jumpers. 
These jumpers can be removed so that other I/O pins on 
the header can be linked across to control the relays if 
that suits your particular application. 

Supplied with the relay board are two M2.5 x 16mm 
metal stand-offs (plus screws & nuts). As shown in 
the photos, these are used to support one side of the 
relay board (ie, the side opposite the header) when it is 
plugged into the RPi. 


Raspberry Pi set-up 

Any RPi computer with a 40-pin GPIO header can be 
used, including the RPi Model B+, RPi 2 Model B and 
the recently released RPi 3 Model B. If you're buying a 
new unit, get the RPi 3 since this comes with onboard 
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WiFi. If you have an earlier 
model, then you will also 
need to buy a Wi-Pi WiFi dongle. 

An 8-32GB microSD card to accommodate the oper- 
ating system and a suitable power supply are also re- 
quired. In addition, you'll also initially need these parts 
to set the unit up: a USB keyboard and mouse (wireless 
units can be used), an HDMI cable, a suitable monitor 
(with HDMI input) and a USB memory card reader. 

Once you have all the ingredients, install and config- 
ure the Raspbian operating system on the microSD card, 
as detailed in Steps 1-5 on pages 20-22 of the January 
2016 issue (ie, in the RPi Temperature Monitor article). 
Be sure to use a strong password (Step 5), then get the 
WiFi working as outlined in Steps 6 & 7. 

Steps 8-10 can be omitted but you should install 
TightVNC by following the instructions on pages 26 
& 27. Once you've installed TightVNC (VNC - Virtual 
Network Computing), you will be able to run your RPi 
"headless" (ie, without a mouse, keyboard or monitor), 
with all control now coming via your PC (ie, the RPi's 
desktop will appear on your PC's monitor). 

Next, you need to install the Apache2 Web Server and 
the mod python module on the RPi. Python is a pro- 
gramming language that's used with Raspbian and the 
mod python module embeds the Python interpretor 
with Apache2 so that the two can work together. 

First, make sure that your Raspbian OS is completely 
up to date by running the following commands from a 
terminal window: 


sudo apt-get update 
sudo apt-get upgrade 
sudo reboot 


That done, install Apache2 and the Python module 
by following Steps 1-8 on pages 56 & 57 of the February 
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The relay board plugs into the RPi’s I/O header. By 
default, it’s controlled by I/O pins 37, 38 & 40. 


2016 issue of SILICON CHIP. And because the RPi’s web 
server will be accessible via the internet, it’s necessary 
to set up password access, as follows: 


sudo apt-get install apache2-utils 

sudo a2enmod authn_dbm 

sudo htdbm -c -TSDBM /etc/apache2/dbmpasswd «username» 
«enter password» 

sudo chown www-data /etc/apache2/dbmpasswd.pag 


Once again, be sure to choose a strong password. It 
should be a mixture of upper case and lower case let- 
ters, numbers and alphanumeric symbols. (Note: the 
above procedure is exactly the same as Step 10 in the 
February 2016 issue except that the -¢ and -TSDBM 
switches in line 3 have been transposed). 

Next, go to the two Apache2 configuration files (ie, 
000-default.conf and default-ssl.conf, in /etc/apache2/ 
sites-available/) and add the following lines under the 
lines you added in Steps 2 & 3: 

AuthType basic 

AuthName "private area" 
AuthBasicProvider dbm 

AuthDBMType SDBM 

AuthDBMUserFile /etc/apache2/dbmpasswd 
Require valid-user 


Then do: sudo service apache2 restart 


Now, whenever you attempt to browse to the RPi's 
web server, you will initially be greeted by a dialog box 
asking you to enter your user-name and password. Note, 
however, that you must use SSL (set up as in Step 6 of 
February 2016) and use https://<yourpublicIPaddress> 
to access the site when browsing from the internet (see 
later), otherwise your password could be intercepted. 


Accessing it via the internet 

The next step is to configure the RPi so that you can 
access its web server via the internet. That's done by: 
(1) assigning a fixed IP address to the RPi (by default, it 
has a dynamic IP that's assigned by the router); and (2) 
setting up port forwarding on the router so that port 443 
(for https) is forwarded to that fixed IP. 

Once that's been done, you should be able to access 
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the RPi's Apache2 web server by entering https:// 
«yourpublicIPaddress» in a web browser on your PC or 
smartphone. When you do so, the log-in dialog should 
immediately appear and you should be able to enter 
your details to access Apache2's default web page. 

How do you know what your public IP address is? 
That's easy; just go to www.whatismyip.com/ and the 
address will be displayed. 

If you don't know how to assign a fixed IP address to 
the RPi or how to set up port forwarding, page 59 of the 
February 2016 issue spells it out in detail. 


Dynamic DNS (DDNS) 


Having to remember your WAN IP is a hassle. Not 
only that but it can change if the modem/router is 
restarted. So if you want to be sure that you always have 
online access to your RPi's web server, the answer is to 
use a DDNS service. 

DDNS stands for “Dynamic Domain Name Server" 
and it allows you to connect to your home network by 
using a hostname and domain name. It still makes the 
connection via your public IP (WAN) address but it no 
longer matters if this IP address changes and you don't 
have to know (or remember) what the address is. 

The DDNS service will let you choose a hostname 
when you sign up. You can then browse to your RPi's 
web server by using this hostname and the DDNS 
domain name. 

If your router supports your preferred DDNS, then 
you can use the router itself to update the DDNS with 
your WAN IP. Note, however, that the popular DynDNS 
service is no longer free, while No-IP now requires you 
to confirm your hostname every 30 days unless you sign 
up for the paid version. 

Duck DNS is a great free alternative and it only takes 
a few minutes to sign up. It probably won't be sup- 
ported by your router but there's an easy answer to that 
problem — use the RPi itself to run a script to periodical- 
ly update the Duck DNS server with your WAN (public) 
IP address. 

It's all quite easy to do and is set out in detail on page 
60 of the February 2016 issue. 

Having completed the set-up, check that you can 
browse to your RPi's default web page using the host- 
name. For example, if you're using Duck DNS, enter 
http://yourhostname.duckdns.org into your browser (re- 
place *yourhostname" with your chosen name). 


Web page set-up 

The next step is to get Apache2 working with the 
Python 3 program that displays our web page with the 
relay control buttons. The program itself is called index. 
py and you'll find it on the SILICON CHIP website zipped 
up inside RpiWiFiSwitchV1.zip. 

You have to download this file, unzip it and move it 
into the RPi's /var/www/html folder. 

Begin by browsing to http://www.siliconchip.com.au 
using the RPi's web browser. Now click Shop, 
select Software from the drop-list and left-click the 
RPiWiFiSwitch.zip file. The file will download into the 
/pi/Downloads folder after which you navigate to this 
folder, then right click the zip file to extract index.py. 

Before moving index.py, it's a good idea to rename 
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any existing index.py file in /var/www/html. That's 
done by issuing the following commands: 


cd /var/www/html 
sudo mv index.py index.py.old 


The new index.py file can now be moved into /var/ 
www/html as follows: 


sudo mv /pi/Downloads/index.py /var/www/html 


You now need to give Apache2 permission to access 
the RPI's GPIO pins, as follows: 


sudo adduser www-data gpio 


That's it! — it should now work. Using a computer on 
the local network (or the RPi itself), browse to (for ex- 
ample) https://yourhostname.duckdns.org (or use your 
public IP address). Enter your user-name and password 
to log-in, then check that the relays on the RPi Relay 
Board respond when the various control buttons are 
clicked. 

If it works, test it out on your smart-phone. Note that 
you will have to zoom in on the buttons to make sure 
you touch the correct one. 


Retaining access to an existing web page 


What if you want to keep an existing index.py web 
page? For example, you may have previously set up 
your RPi's web server so that you can monitor tempera- 
tures (see March 2016 issue) and you may want to main- 
tain access to these measurements. 

In that case, it's just a matter of renaming the newly 
unzipped index.py file for the garage doors before mov- 
ing it. For example, you could rename the file to garage. 
py and then move this to /var/www/html. The web page 
for your temperature measurements can then be access- 
ed as normal, while the garage door control buttons are 
accessed by browsing to https://yourhostname.duckdns. 


org/garage.py 


Wiring the remote 


This job couldn't be easier; just wire a pair of leads 
across each button you wish to control and connect them 
to the NO & COM contacts of the corresponding relay. 

You will need to remove the remote's PCB from its 
case and use a soldering iron with a fine tip to connect 
the wires. It's a good idea to remove the battery before 
soldering, to prevent the remote from being damaged 
during this process. 

Once the leads have been attached, cut a couple of 
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Youll Need These Parts 


Core parts 


1 Raspberry Pi 3 Model B or Raspberry Pi 2 Model B 
computer module 


1 Wi-Pi WiFi dongle (not necessary if you have a RPi 3 
Model B, as these have onboard WiFi) 


1 8-32GB microSD card (class 6 or class 10) ... or 
purchase a pre-programmed microSD card from 
element14 or Wiltronics 


1 5V power supply with USB to micro-USB cable (note: 
must be rated at 2.5A for RPi 3 Model B) 


1 spare garage remote 


1 Waveshare RPi Relay Board (order from AliExpress or 
Amazon) 


The parts required during set-up 


1 USB keyboard and mouse (wireless units should work, 
provided they’re paired) 


1 monitor with HDMI or DVI input 
1 HDMI-HDMI or HDMI-DVI cable to suit monitor 
1 microSD card reader 


Raspberry Pi starter packs 


Wiltronics has a number of Raspberry Pi starter packs — 
see www.wiltronics.com.au 


notches in one end of the case for the leads to exit and 
refit the PCB. If that's not practical, install the PCB 
inside a separate case (perhaps with the RPi itself). 

If you don't have a spare remote, you can buy one 
from a garage door specialist. You can buy these quite 
cheaply on eBay but if you take that approach, make 
sure it's the right type to work with your garage door 
controller as many remotes look similar but operate dif- 
ferently. Another possibility is to simply connect the re- 
lay contacts across the manually-operated door control 
switch that's mounted on the garage wall or even direct- 
ly to the open/close terminals on the back of the motor 
control unit itself. 


Take security seriously 


Security is a serious issue here. You really don't want 
someone to hack their way in and open or close your 
garage doors at will! 

So how secure is it? The answer is that your garage 
doors are about as secure as the password you chose for 
the RPi's web server. Similarly, your camera (see below) 
will be about as secure as the strength of its password. 

Fortunately, there's a fairly simple way to lock it 
down even further, to keep the bad guys out of your 
RPi's web server. The answer is to install an intrusion 
software utility called “Fail2Ban”. This utility monitors 
the number of log-in attempts and if they exceed a 
preset number (say five), it bans the offending source 
IP address from making any further attempts for a set 
period (or even permanently). 

Fail2Ban is easy to install and configure. The 
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It’s a good idea to install a panning camera on the 
back wall of the garage so that you can check that the 
garage is empty before closing the door. 


accompanying panel titled “Keeping The Bad Guys 
Out” (reproduced from February 2016) has the details. 

You could also install a separate firewall on the RPi 
but since it normally sits behind your router’s fire- 
wall, this won’t normally be necessary. Once again, the 
accompanying panel has the details. 


Setting up an IP camera 


OK, now that the RPi’s web server and relay board are 
working correctly, the next step is to set up an IP camera 
to monitor the garage doors. If you don’t already have 
a suitable camera, the Jaycar Tech View QC3834 and 
Altronics EasyN S9012 are good candidates. 

Setting up the camera to connect to your WiFi 
network is straightforward. It’s usually just a matter 


Exercise) Caution 


Naturally, you should exercise a great deal of caution if 
you intend to close a garage door from a remote location. 
After all, you don’t want to close it on a family member who 
is out the front working in the garden, or collecting the mail, 
or who has just come home and is driving into the garage. 

To avoid problems like this, always check where each 
family member is before closing the door. It's also a good 
idea to restrict usage to one smart-phone only, to avoid 
potential conflicts. 

Setting up a panning camera so that you can monitor the 
whole inside garage area is also a good idea (eg, mount 
the camera high up on the back wall). That way, you can 
pan to ensure that your neighbour's dog or a curious cat 
hasn't wondered inside while the door was opened. Both the 
Jaycar TechView QC3834 and Altronics EasyN S9012 IP 
cameras can be panned and so are well suited to this role. 
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of first plugging it into your router via a Cat5 cable, 
figuring out its IP address, then logging into the camera's 
web interface (via a browser) and entering your WiFi 
network's SSID (ie, the network name) and password. 

How do you figure out the camera's IP address in 
order to access its web interface? Well, assuming your 
router has DHCP enabled, it will automatically allocate 
an IP address to the camera when it is plugged in, just 
as it does for other devices on the network. From there, 
you can quickly figure out the allocated IP address by 
trial and error. 

For example, if the router itself has an IP address of 
192.168.0.1, then the camera might be on 192.168.0.2 or 
192.168.0.3 (or higher), depending on which addresses 
have already been allocated to devices such as PCs, 
smart-phones and smart TVs, etc. 

To test an IP address, simply enter it along with the 
camera's port number into the address bar of your web 
browser. The default port number (usually 80) will 
either be on a label on the camera's body or listed in the 
supplied instructions. It must be separated from the IP 
address by a colon. 

For example, let's say that the camera's port number 
is 80 and you want to test an IP address of 192.168.0.7. 
It's just a matter of entering 192.168.0.7:80 into your 
browser and pressing Enter. If it's the correct IP, the 
camera's web interface will immediately appear and 
you can log into it using the default user name (usually 
“admin”) and password (usually “admin” or left blank). 

Another way of determining the IP address is to log 
into your router's web interface and check the DHCP 
client table or similar. In addition, some cameras such 
as the TechView QC3834 are supplied with a software 
utility called *IP Camera Tool". Installing and running 
this on your PC will then list the camera's IP and its 
port number. Double-clicking this will then bring up its 
web interface. 

Before actually entering the WiFi set-up details, be 
sure to change the camera's default user name and 
password. A strong password is an absolute must if you 
don't want others spying on you. You can also change 
the default port number if you wish. 

Disconnect the LAN cable and restart the camera after 
entering all the details. You will then be able to access 
the camera and view the video via the WiFi network. 


Viewing via the internet 
In most cases, an IP camera will be supplied with a 
unique DDNS hostname so that you can view it over the 
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Keeping une Bad Guys Ow 


Opening port 443 on the router (to en- 
able internet access to the web-server) 
is a potential security problem. That's 
why it’s important to choose a strong 
password for the Apache2 authentica- 
tion log-in. 


Fail2Ban 


Despite this, the web-server's log-in 
prompt will soon attract brute force at- 
tempts to gain access by people running 
password dictionaries. There's an easy 
way to defeat such attacks, though: limit 
the number of log-in attempts by using 
an intrusion detection software utility 
called “Fail2Ban”. 

Fail2Ban works by monitoring the logs 
generated by various services (such as 
Apache2). If there are too many failed 
log-in attempts, it then temporarily (or 
permanently) bans the offending IP from 
making further attempts. For example, 
it can be configured to allow three log- 
in attempts and if all are unsuccessful, 
ban the offending IP for 20 minutes, 
depending on the settings in the con- 
figuration file. 

In practice, Fail2Ban sets up a few 
simple iptable firewall rules (iptables is 
the utility used to configure Linux fire- 


walls). It then automatically alters these 
rules after the preset number of failed 
log-in attempts. By default, it monitors 
SSH (port 22) only but it's just a mat- 
ter of altering its configuration file to 
include other protocols such as HTTP 
(port 80) and HTTPS (port 443), as used 
by Apache2. 

An excellent guide on configuring Fail- 
2Ban can be found at www.digitalocean. 


com/community/tutorials/how-to-pro- 


the [apache] jail section and change to 
line enabled = false to enabled - true. Fail- 
2Ban will then cover both http and https. 


Installing a firewall 

Unless you've opened up myriad ports 
on your router, a separate firewall on 
the RPi isn't really necessary. However, 
if you're a "belts'n'braces" type, try Un- 
complicated Firewall (UFW) which is an 
easy-to-use iptables configuration utility. 

The following website has the basics 
on UFW's installation and usage: www. 
digitalocean.com/community/tutori- 


tect-an-apache-server-with-fail2ban- 


als/how-to-set-up-a-firewall-with-ufw- 


on-ubuntu-14-04 It's just a matter of fol- 
lowing this to configure Fail2Ban so that, 
as well as SSH, it also protects the RPi’s 
Apache2 server (HTTP & HTTPS). 


Important points 

Note that you have to copy the default 
configuration file to “/etc/fail2ban/ail. 
local". You then edit this new file (it over- 
rides the original configuration file) to set 
the "bantime", the maximum number of 
tries (*maxretry") and the "findtime" (the 
time period over which the retries are 
counted). The default bantime is 600 
seconds but you can increase this (eg, 
to 1800 seconds) or enter a negative 
number to ban the offending IP forever. 

It's then important to scroll down to 


on-ubuntu-14-04 

Of course, all bets are off if you decide 
to add the RPi to your router’s DMZ (de- 
militarised zone). Placing it in the DMZ 
means that it cannot contact other de- 
vices on your internal LAN in the event 
that it's compromised (it's added to the 
DMZ by logging into your router and go- 
ing to the DMZ set-up page). 

The downside is that all ports on the 
router will then be forwarded to the RPi, 
So it's wide open. As a result, a firewall 
is then an absolute must. 

In practice, you would set up the fire- 
wall to initially block all incoming ports. 
You then create rules to open port 443 
(for https) and any other ports required, 
eg, for SSH (secure shell) long-ins. 


internet. It's just a matter of setting the camera up for 
WiFi access as described above, then entering the address 
shown on a label on the bottom of the camera into your 
browser, followed by a colon, then the port number. 

Alternatively, some cameras carry a Q-code on the 
base label and scanning this using a smartphone (with 
the necessary app installed) will take you straight to 
that address (you may have to manually enter the port 
number if you've changed it). 

If it works, then your router has inbuilt support for 
automatic port forwarding via UPnP (Universal Plug 
and Play) and that's the end of the story. Of course, your 
IP camera must also support UPnP but just about all do. 

If it doesn't work, check that UPnP hasn't been 
disabled in the router. That said, not all routers support 
automatic port forwarding, even if they do have UPnP. 
In that case, you will have to assign a static IP address 
to your camera and manually set up the port forwarding 
in your router. A detailed explanation on how to do 
this is in "Setting Up An IP Camera For WiFi & Internet 
Access" in the March 2015 issue of SILICON CHIP. 

Once its working, install the relevant camera app 
on your smartphone and enter the connection details. 
These details include the DDNS hostname, the port 
number, your user name (ie, for the camera) and the 
password. You will then be able to fire up the app and 
view the video inside your garage. 
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Controlling) Other Devices 


As well as controlling garage doors, you could also use the 
RPi to control other devices. For example, it could be used to 
pulse the remote of a remote-controlled mains power board. 
However, exercise caution as to the circumstances under which 
you remotely turn mains-powered devices on in this manner. 
Turning on an unattended device such as a heater or a lamp 
could lead to a fire, for example (and in any case, a heater 
should not be plugged into a power board). 

Because the relay outputs can be toggled, you can directly 
switch low-voltage devices (eg, LED lamps) on or off (up to 
about 24V DC or 15VAC). However, despite the fact that 
the relays are rated at 250VAC, you should keep mains 
voltages well away from your RPi set-up. 

Running mains wiring to the RPi’s relay board would be 
much too dangerous. If you do wish to switch mains voltages, 
use the RPi to control the remote of a remote-controlled mains 
switch or use a commercial WiFi switch, eg, from Bunnings— see 
https://www.bunnings.com.au/belkin-wemo-switch_ 
p4420346 


In the unlikely event that the camera’s manufacturer 
doesn’t offer a DDNS service, use Duck DNS as explain- 
ed earlier. SC 
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SILICON, 
CHIP... 


Looking for a specialised component to build that latest and greatest Si/cow Chip project? Maybe it's the PCB you're after? 
Or a pre-programmed micro? Or some other hard-to-get "bit"? The chances are they are available direct from the SILICON CHIP ONLINESHOP. 


As a service to readers, SILICON CHIP has established the ONLINESHOP. No, we're not going into opposition with your normal suppliers - 


this is a direct response to requests from readers who have found difficulty in obtaining specialised parts such as PCBs & micros. 


* PCBs are normally IN STOCK and ready for despatch when that month's magazine goes on sale (you don't have to wait for them to be made. 

+ Even if stock runs out (eg, for high demand), in most cases there will be no longer than a two-week wait. 

* One low p&p charge: $10 per order, regardless of how many boards or micros you order! (Australia only; overseas clients - email us for a postage quote). 
+ Our PCBs are beautifully made, very high quality fibreglass boards with pre-tinned tracks, silk screen overlays and where applicable, solder masks. 

+ Best of all, those boards with fancy cut-outs or edges are already cut out to the SILICON CHIP specifications - no messy blade work required! 


e^ Via the INTERNET (24 hours, 7 days): Log on to our secure website - 


y Bal 
VISA 


All prices are in AUSTRALIAN DOLLARS ($AU) 


MasterCard 


siliconchip.com.au, click on ^SHOP" and follow the links 
e Via EMAIL (24 hours, 7 days): email siliconGsiliconchip.com.au — Clearly tell us what you want and include your contact and credit card details 


e^ Via MAIL (24 hours, 7 days): PO Box 139, Collaroy NSW 2097. Clearly tell us what you want and include your contact and credit card details 
e^ Via PHONE (9am-5pm EADST, Mon-Fri): Call (02) 9939 3295 (INT 612 9939 3295) - have your order ready, including contact and credit card details! 


YES! You can also order or renew your SILICON CHIP subscription via any of these methods as well! 


As a service to readers, SILICON CHIP ÜNLINESHOP stocks microcontrollers and microprocessors used in new projects (from 2012 on) and 


some selected older projects - pre-programmed and ready to fly! 


PIC12F675-I/P UHF Remote Switch (Jan09), Ultrasonic Cleaner (Aug10), 

Ultrasonic Anti-fouling (Sep10), Cricket/Frog (Jun12) Do Not Disturb (May13) 
IR-to-UHF Converter (Jul13), UHF-to-IR Converter (Jul13) 

PC Birdies *2 chips — $15 pair* (Aug13). Driveway Monitor Receiver (July15) 
Hotel Safe Alarm (Jun16) 

Wideband Oxygen Sensor (Jun-Jul12) 

Hi Energy Ignition (Nov/Dec12), Speedo Corrector (Sept13), 

Auto Headlight Controller (Oct13) 10A 230V Motor Speed Controller (Feb14) 
Projector Speed (Apr11), Vox (Jun11), Ultrasonic Water Tank Level (Sep11), 
Quizzical (Oct11) Ultra LD Preamp (Nov11), 10-Channel Remote Control 
Receiver (Jun13), Revised 10-Channel Remote Control Receiver (Jul13), 
Nicad/NiMH Burp Charger (Mar14) Remote Mains Timer (Nov14), 

Driveway Monitor Transmitter (July15) Fingerprint Scanner (Nov15) 

MPPT Lighting Charge Controller (Feb16) 50/60Hz Turntable Driver (May16) 
Cyclic Pump Timer (Sep16) 50A Battery Charger Controller (Nov16) 
Garbage Reminder (Jan13), Bellbird (Dec13) 

LED Ladybird (Apr13) 

Battery Cell Balancer (Mar16) 

6-Digit GPS Clock (May-Jun09), Lab Digital Pot (Jul10) 

Semtest (Feb-May12) 

Batt Capacity Meter (Jun09), Intelligent Fan Controller (Jul10) 

GPS Car Computer (Jan10), GPS Boat Computer (Oct10) 


PIC16F1507-1/P 
PIC16F88-E/P 


PIC16F88-1/P 


PIC16LF88-1/P 
PIC16LF88-1/SO 


PIC16LF1709-1/SO 
PIC16F877A-I/P 


PIC18F2550-I/SP 
PIC18F4550-I/P 


When ordering, be sure to nominate BOTH the micro 


< NEW THIS MONTH: ° 
: PASSIVE LINE TO PHONO INPUT CONVERTER - ALL SMD PARTS (NOV16) $5.00 $ 
$ MICROMITE PLUS LCD BACKPACK **COMPLETE KIT** (NOV16) $70.00 $ 
$ (Includes PCB, micro, 2.8-in touchscreen, all SMD parts & lid) > 


MICROMITE PLUS EXPLORE 100 **COMPLETE KIT (no LCD panel)** (SEP16) $69.90 
(includes PCB, programmed micro and the hard-to-get bits including female headers, USB and microSD 
sockets, crystal, etc but does not include the LCD panel) 

DS3231-BASED REAL TIME CLOCK MODULE 

with two 10mm M2 spacers & four 6mm M2 Nylon screws 

100dB STEREO AUDIO LEVEL/VU METER 

All SMD parts except programmed micro and LEDs (both available separately) 
RASPBERRY PI TEMPERATURE SENSOR EXPANSION 

Two BS0150N03 dual N-channel Mosfets plus 4.7kQ SMD resistor: (May16) 
MICROWAVE LEAKAGE DETECTOR - all SMD parts: (Apr16) 
BOAT COMPUTER - (REQUIRES MICROMITE LCD BACKPACK — $65.00 [see below]) (Aprí6) 
BOAT COMPUTER - VK2828U7G5LF TTL GPS/GLONASS/GALILEO module with antenna & cable: $25.00 
BOAT COMPUTER - VK16E TTL GPS module with antenna & cable: (Apri6) $20.00 
ULTRASONIC PARKING ASSISTANT (REQUIRES MICROMITE LCD BACKPACK — $65.00 [see below] 
Ultrasonic Range Sensor PLUS clear lid with cutout to suit UB5 Jiffy Box (Mar 16) $7.50 
BATTERY CELL BALANCER 

ALL SMD PARTS, including programmed micro (Mar16) $50.00 
MICROMITE LCD BACKPACK ***** COMPLETE KIT ***** (Feb 16)  *$65.00 
includes PCB, micro and 2.8-inch touchscreen AND NOW INCLUDES LID (specify clear or black lid) 


(Jul16) $5.00 


(Junt6) $20.00 


$5.00 
$10.00 


Some micros from copyrighted and/or contributed projects may not be available. 


PIC18F27J53-I/SP USB Data Logger (Dec10-Feb11) 
PIC18LF14K22 Digital Spirit Level (Aug11), G-Force Meter (Nov11) 


PIC32MX795F512H-801/PT Maximite (Mar11), miniMaximite (Nov11), Colour Maximite (Sept/Oct12), 
Touchscreen Audio Recorder (Jun/Jul 14) 


PIC32MX170F256B-50I/SP Micromite Mk2 (Jan15) — also includes FREE 47uF tantalum capacitor 
Micromite LCD Backpack [either version] (Feb16) GPS Boat Computer (Apr16) 
Micromite Super Clock (Jul16) 
PIC32MX170F256B-I/SP Low Frequency Distortion Analyser (Apr15) 
PIC32MX170F256D-501P/T 44-pin Micromite Mk2 (Now with Mk2 Firmware at no extra cost) 
PIC32MX250F128B-I/SP — GPS Tracker (Nov13) Micromite ASCII Video Terminal (Jul14) 
PIC32MX470F512H-I/PT Stereo Audio Delay/DSP (Nov13), Stereo Echo/Reverb (Feb 14), 
Digital Effects Unit (Oct14) 
PIC32MX470F512H-120/PT Micromite PLUS Explore 64 (Aug 16) Micromite Plus LCD BackPack (Nov16) 
PIC32MX470F512L-120/PT Micromite PLUS Explore 100 (Sep-Oct16) 
dsPIC33FJ128GP802-I/SP Digital Audio Signal Generator (Mar-May10), Digital Lighting Controller 
(Oct-Dec10), SportSync (May11), Digital Audio Delay (Dec11) Level (Sep11) 
Quizzical (Oct11), Ultra-LD Preamp (Nov11), LED Musicolor (Nov12) 
Induction Motor Speed Controller (revised) (Aug13) 
CLASSIC DAC (Feb-May 13) 
VVA Thermometer/Thermostat (Mar10), Rudder Position Indicator (Jul11) 
Remote-Controlled Timer (Aug10) 


dsPIC33FJ64MC802-E/P 
dsPIC33FJ128GP306-I/PT 
ATTiny861 

ATTiny2313 


VALVE STEREO PREAMPLIFIER - 
100uH SMD inductor, 3x low-profile 400V capacitors & 0.330 resistor 


MINI USB SWITCHMODE REGULATOR Mk II all SMD components 
ARDUINO-BASED ECG SHIELD - all SMD components 
ULTRA LD Mk 4 - plastic sewing machine bobbin for L2 — pack 2 


VOLTAGE/CURRENT/RESISTANCE REFERENCE - all SMD components# 
# includes precision resistor. Specify either 1.8V or 2.5V 


MINI USB SWITCHMODE REGULATOR all SMD components (July 15) 
BAD VIBES INFRASOUND SNOOPER - TDA1543 16-bit Stereo DAC IC (Jun 15) 
BALANCED INPUT ATTENUATOR - all SMD components inc.12 NE5532D ICs, 8 SMD 
diodes, SMD caps, polypropylene caps plus all 0.1% resistors (SMD & through-hole) (May 15) 
APPLIANCE INSULATION TESTER - 600V logic-level Mosfet. 5 x HV resistors: (Apr15) 
ISOLATED HIGH VOLTAGE PROBE - Hard-to-get parts pack: (Jan15) 
all ICs, 1N5711 diodes, LED, high-voltage capacitors & resistors: 

CDI — Hard-to-get parts pack: Transformer components (excluding wire), 
all ICs, Mosfets, UF4007 diodes, 1uF X2 capacitor: 

CURRAWONG AMPLIFIER Hard-to-get parts pack: 


(Jan 16) $30.00 


(Sept 15) 
(Oct 15) 
(Oct 15) 
(Aug 15) 


$15.00 
$25.00 

$2.00 
$12.50 


$10.00 
$2.50 


$65.00 
$10.00 
$40.00 


(Dec 14) $40.00 


(Dec 14) 
LM1084IT-ADJ, KCS5603D, 3 x STX0560, 5 x blue 3mm LEDs, 5 x 39uF 400V low profile capacitors 


$50.00 


ONE-CHIP AMPLIFIER - All SMD parts (Nov 14) 


DIGITAL EFFECTS UNIT WM8371 DAC IC & SMD Capacitors [Same components 
also suit Stereo Echo & Reverb, Feb14 & Dual Channel Audio Delay Nov 14] (Oct14) $25.00 


AD8038ARZ Video Amplifier ICs For Active Differential Probe (Pack of 3 SMD) (Sept 14) $12.50 
44-PIN MICROMITE Complete kit inc PCB, micro etc (Aug14) $35.00 
MAINS FAN SPEED CONTROLLER - AOT11N60L 600V Mosfet (May14) $5.00 


www. siliconchip.com.au/shop 


$15.00 


*All items subect to availability. Prices valid for month of magazine issue only. All prices in Australian dollars and included GST where applicable. # P&P prices are within Australia. O'seas? Please email for a quote 


11/16 


NOTE: Not all PCBs are shown here due to space limits but the SiLicon CHIP ONLINESHOP has boards going back to 2001 and beyond. 
For a complete list of available PCBs, back issues, etc, go to si/iconchip.com.au/shop Prices are PCBs only, NOT COMPLETE KITS! 


PRINTED CIRCUIT BOARD TO SUIT PROJECT: 
RESISTANCE DECADE BOX PANEL/LID 


1.5kW INDUCTION MOTOR SPEED CONT. (New V2 PCB) APR (DEC) 2012 


HIGH TEMPERATURE THERMOMETER MAIN PCB 


HIGH TEMPERATURE THERMOMETER Front & Rear Panels MAY 2012 


MIX-IT! 4 CHANNEL MIXER 

PIC/AVR PROGRAMMING ADAPTOR BOARD 
CRAZY CRICKET/FREAKY FROG 
CAPACITANCE DECADE BOX 

CAPACITANCE DECADE BOX PANEL/LID 
WIDEBAND OXYGEN CONTROLLER MK2 


WIDEBAND OXYGEN CONTROLLER MK2 DISPLAY BOARD 


SOFT STARTER FOR POWER TOOLS 
DRIVEWAY SENTRY MK2 

MAINS TIMER 

CURRENT ADAPTOR FOR SCOPES AND DMMS 
USB VIRTUAL INSTRUMENT INTERFACE 

USB VIRTUAL INSTRUMENT INT. FRONT PANEL 
BARKING DOG BLASTER 

COLOUR MAXIMITE 

SOUND EFFECTS GENERATOR 

NICK-OFF PROXIMITY ALARM 

DCC REVERSE LOOP CONTROLLER 

LED MUSICOLOUR 

LED MUSICOLOUR Front & Rear Panels 
CLASSIC-D CLASS D AMPLIFIER MODULE 
CLASSIC-D 2 CHANNEL SPEAKER PROTECTOR 
HIGH ENERGY ELECTRONIC IGNITION SYSTEM 


1.5kW INDUCTION MOTOR SPEED CONTROLLER (NEW V2 PCB)DEC 2012 


THE CHAMPION PREAMP and 7W AUDIO AMP (one PCB) 
GARBAGE/RECYCLING BIN REMINDER 

2.5GHz DIGITAL FREQUENCY METER — MAIN BOARD 
2.5GHz DIGITAL FREQUENCY METER — DISPLAY BOARD 
2.5GHz DIGITAL FREQUENCY METER - FRONT PANEL 
SEISMOGRAPH MK2 

MOBILE PHONE RING EXTENDER 

GPS 1PPS TIMEBASE 

LED TORCH DRIVER 

CLASSIC DAC MAIN PCB 

CLASSIC DAC FRONT & REAR PANEL PCBs 

GPS USB TIMEBASE 

LED LADYBIRD 

CLASSIC-D 12V to +35V DC/DC CONVERTER 

DO NOT DISTURB 

LF/HF UP-CONVERTER 

10-CHANNEL REMOTE CONTROL RECEIVER 
IR-TO-455MHZ UHF TRANSCEIVER 

“LUMP IN COAX” PORTABLE MIXER 

LIL PULSER MKII TRAIN CONTROLLER 

LIL PULSER MKII FRONT & REAR PANELS 

REVISED 10 CHANNEL REMOTE CONTROL RECEIVER 
INFRARED TO UHF CONVERTER 

UHF TO INFRARED CONVERTER 

IPOD CHARGER 

PC BIRDIES 

RF DETECTOR PROBE FOR DMMs 

BATTERY LIFESAVER 

SPEEDO CORRECTOR 

SiDRADIO (INTEGRATED SDR) Main PCB 

SIDRADIO (INTEGRATED SDR) Front & Rear Panels 


TINY TIM AMPLIFIER (same PCB as Headphone Amp [Septi1])OCT 2013 


AUTO CAR HEADLIGHT CONTROLLER 
GPS TRACKER 

STEREO AUDIO DELAY/DSP 
BELLBIRD 

PORTAPAL-D MAIN BOARDS 


(for CLASSiC-D Amp board and CLASSiC-D DC/DC Converter board refer above [Nov 2012/May 2013]) 


LED Party Strobe (also suits Hot Wire Cutter [Dec 2010]) 
Bass Extender Mk2 

Li'l Pulser Mk2 Revised 

10A 230VAC MOTOR SPEED CONTROLLER 
NICAD/NIMH BURP CHARGER 

RUBIDIUM FREQ. STANDARD BREAKOUT BOARD 
USB/RS232C ADAPTOR 

MAINS FAN SPEED CONTROLLER 

RGB LED STRIP DRIVER 

HYBRID BENCH SUPPLY 

2-WAY PASSIVE LOUDSPEAKER CROSSOVER 
TOUCHSCREEN AUDIO RECORDER 

THRESHOLD VOLTAGE SWITCH 

MICROMITE ASCII VIDEO TERMINAL 
FREQUENCY COUNTER ADD-ON 

TEMPMASTER MK3 


LOOKING FOR TECHNICAL BOOKS? YOU'LL FIND THE COMPLETE LISTING OF ALL BOOKS AVAILABLE IN THE SILICON CHIP ONLINE BOOKSTORE — 


PUBLISHED: PCB CODE: Price: 
APR 2012 04104122 $20.00 
10105122 $35.00 
MAY 2012 21105121 $30.00 
21105122/3 $20 per set 
JUNE 2012 01106121 $20.00 
JUNE 2012 24105121 $30.00 
JUNE 2012 08109121 $10.00 
JULY 2012 04106121 $20.00 
JULY 2012 04106122 $20.00 
JULY 2012 05106121 $20.00 
JULY 2012 05106122 $10.00 
JULY 2012 10107121 $10.00 
AUG 2012 03107121 $20.00 
AUG 2012 10108121 $10.00 
AUG 2012 04108121 $20.00 
SEPT 2012 24109121 $30.00 
SEPT 2012 24109122 $30.00 
SEPT 2012 25108121 $20.00 
SEPT 2012 07109121 $20.00 
SEPT 2012 09109121 $10.00 
OCT 2012 03110121 $5.00 
OCT 2012 09110121 $10.00 
NOV 2012 16110121 $25.00 
NOV 2012 16110121 — $20 per set 
NOV 2012 01108121 — $30.00 
NOV 2012 01108122 $10.00 
DEC 2012 05110121 $10.00 
10105122 — $35.00 
JAN 2013 01109121/2 $10.00 
JAN 2013 19111121 $10.00 
JAN 2013 04111121 — $35.00 
JAN 2013 04111122 $15.00 
JAN 2013 04111123 $45.00 
FEB 2013 21102131 — $20.00 
FEB 2013 12110121 — $10.00 
FEB 2013 04103131 $10.00 
MAR 2013 16102131 $5.00 
APR 2013 01102131 — $40.00 
APR 2013 01102132/3 $30.00 
APR 2013 04104131 — $15.00 
APR 2013 08103131 $5.00 
MAY 2013 11104131 $15.00 
MAY 2013 12104131 $10.00 
JUN 2013 07106131 — $10.00 
JUN 2013 15106131 $15.00 
JUN 2013 15106132 $7.50 
JUN 2013 01106131 $15.00 
JULY 2013 09107131 $15.00 
JULY 2013 09107132/3 $20.00/set 
JULY 2013 15106133 $15.00 
JULY 2013 15107131 $5.00 
JULY 2013 15107132 $10.00 
AUG 2013 14108131 $5.00 
AUG 2013 08104131 — $10.00 
AUG 2013 04107131 $10.00 
SEPT 2013 11108131 $5.00 
SEPT 2013 05109131 $10.00 
OCT 2013 06109131 $35.00 
OCT 2013 06109132/3 $25.00/pr 
01309111 — $20.00 
OCT 2013 03111131 — $10.00 
NOV 2013 05112131 — $15.00 
NOV 2013 01110131 — $15.00 
DEC 2013 08112131 — $10.00 
DEC 2013  01111131-3 — $35.00/set 
JAN 2014 16101141 $7.50 
JAN 2014 01112131 — $15.00 
JAN 2014 09107134 — $15.00 
FEB 2014 10102141 — $12.50 
MAR 2014 14103141 $15.00 
APR 2014 04105141 — $10.00 
APR 2014 07103141 $5.00 
MAY 2014 10104141 — $10.00 
MAY 2014 16105141 $10.00 
MAY 2014 18104141 — $20.00 
JUN 2014 01205141 — $20.00 
JUL 2014 01105141 — $12.50 
JUL 2014 99106141 $10.00 
JUL 2014 24107141 $7.50 
JUL 2014 04105141a/b — $15.00 
AUG 2014 21108141 — $15.00 


PRINTED CIRCUIT BOARD TO SUIT PROJECT: PUBLISHED: PCBCODE: Price: 
44-PIN MICROMITE AUG 2014 24108141 $5.00 
OPTO-THEREMIN MAIN BOARD SEP 2014 23108141 — $15.00 
OPTO-THEREMIN PROXIMITY SENSOR BOARD SEP 2014 23108142 $5.00 
ACTIVE DIFFERENTIAL PROBE BOARDS SEP 2014 04107141/2 — $10/SET 
MINI-D AMPLIFIER SEP 2014 01110141 $5.00 
COURTESY LIGHT DELAY OCT 2014 05109141 $7.50 
DIRECT INJECTION (D-1) BOX OCT 2014 23109141 $5.00 
DIGITAL EFFECTS UNIT OCT 2014 01110131 — $15.00 
DUAL PHANTOM POWER SUPPLY NOV 2014 18112141 — $10.00 
REMOTE MAINS TIMER NOV 2014 19112141 — $10.00 
REMOTE MAINS TIMER PANEL/LID (BLUE) NOV 2014 19112142 — $15.00 
ONE-CHIP AMPLIFIER NOV 2014 01109141 $5.00 
TDR DONGLE DEC 2014 04112141 $5.00 
MULTISPARK CDI FOR PERFORMANCE VEHICLES DEC 2014 05112141 — $10.00 
CURRAWONG STEREO VALVE AMPLIFIER MAIN BOARD DEC 2014 01111141 — $50.00 
CURRAWONG REMOTE CONTROL BOARD DEC 2014 01111144 $5.00 
CURRAWONG FRONT & REAR PANELS DEC 2014 01111142/3 $30/set 
CURRAWONG CLEAR ACRYLIC COVER JAN 2015 - $25.00 
ISOLATED HIGH VOLTAGE PROBE JAN 2015 04108141 — $10.00 
SPARK ENERGY METER MAIN BOARD FEB/MAR 2015 05101151 — $10.00 
SPARK ENERGY ZENER BOARD FEB/MAR 2015 05101152 — $10.00 
SPARK ENERGY METER CALIBRATOR BOARD FEB/MAR 2015 05101153 $5.00 
APPLIANCE INSULATION TESTER APR 2015 04103151 — $10.00 
APPLIANCE INSULATION TESTER FRONT PANEL APR 2015 04103152 — $10.00 
LOW-FREQUENCY DISTORTION ANALYSER APR 2015 04104151 $5.00 
APPLIANCE EARTH LEAKAGE TESTER PCBs (2) MAY 2015 — 04203151/2 $15.00 
APPLIANCE EARTH LEAKAGE TESTER LID/PANEL MAY 2015 04203153 — $15.00 
BALANCED INPUT ATTENUATOR MAIN PCB MAY 2015 04105151 — $15.00 
BALANCED INPUT ATTENUATOR FRONT & REAR PANELS MAY 2015 04105152/3 $20.00 
4-OUTPUT UNIVERSAL ADJUSTABLE REGULATOR MAY 2015 18105151 $5.00 
SIGNAL INJECTOR & TRACER JUNE 2015 04106151 $7.50 
PASSIVE RF PROBE JUNE 2015 04106152 $2.50 
SIGNAL INJECTOR & TRACER SHIELD JUNE 2015 04106153 — $5.00 
BAD VIBES INFRASOUND SNOOPER JUNE 2015 04104151 — $5.00 
CHAMPION + PRE-CHAMPION JUNE 2015 01109121/2 $7.50 
DRIVEWAY MONITOR TRANSMITTER PCB JULY 2015 15105151 $10.00 
DRIVEWAY MONITOR RECEIVER PCB JULY 2015 15105152 $5.00 
MINI USB SWITCHMODE REGULATOR JULY 2015 18107151 — $2.50 
VOLTAGE/RESISTANCE/CURRENT REFERENCE AUG 2015 04108151 — $2.50 
LED PARTY STROBE MK2 AUG 2015 16101141 — $7.50 
ULTRA-LD MK4 200W AMPLIFIER MODULE SEP 2015 01107151 $15.00 
9-CHANNEL REMOTE CONTROL RECEIVER SEP 2015 1510815 — $15.00 
MINI USB SWITCHMODE REGULATOR MK2 SEP 2015 18107152 $2.50 
2-WAY PASSIVE LOUDSPEAKER CROSSOVER OCT 2015 01205141 $20.00 
ULTRA LD AMPLIFIER POWER SUPPLY OCT 2015 01109111 $15.00 
ARDUINO USB ELECTROCARDIOGRAPH OCT 2015 07108151 — $7.50 
FINGERPRINT SCANNER - SET OF TWO PCBS NOV 2015 03109151/2 $15.00 
LOUDSPEAKER PROTECTOR NOV 2015 01110151 $10.00 
LED CLOCK DEC 2015 19110151 $15.00 
SPEECH TIMER DEC 2015 19111151 $15.00 
TURNTABLE STROBE DEC 2015 04101161 — $5.00 
CALIBRATED TURNTABLE STROBOSCOPE ETCHED DISC DEC 2015 04101162 $10.00 
VALVE STEREO PREAMPLIFIER — PCB JAN 2016 01101161 $15.00 
VALVE STEREO PREAMPLIFIER — CASE PARTS JAN 2016 01101162 $20.00 
QUICKBRAKE BRAKE LIGHT SPEEDUP JAN 2016 05102161 $15.00 
SOLAR MPPT CHARGER & LIGHTING CONTROLLER FEB/MAR 2016 16101161 $15.00 
MICROMITE LCD BACKPACK, 2.4-INCH VERSION FEB/MAR 2016 07102121 $7.50 
MICROMITE LCD BACKPACK, 2.8-INCH VERSION FEB/MAR 2016 07102122 $7.50 
BATTERY CELL BALANCER MAR 2016 11111151 — $6.00 
DELTA THROTTLE TIMER MAR 2016 05102161 $15.00 
MICROWAVE LEAKAGE DETECTOR APR 2016 04103161 $5.00 
FRIDGE/FREEZER ALARM APR 2016 03104161 $5.00 
ARDUINO MULTIFUNCTION MEASUREMENT APR 2016 04116011/2 $15.00 
PRECISION 50/60HZ TURNTABLE DRIVER MAY 2016 04104161 $15.00 
RASPBERRY PI TEMP SENSOR EXPANSION MAY 2016 24104161 $5.00 
100DB STEREO AUDIO LEVEL/VU METER JUN 2016 01104161 $15.00 
HOTEL SAFE ALARM JUN 2016 03106161 $5.00 
UNIVERSAL TEMPERATURE ALARM JULY 2016 03105161 $5.00 
BROWNOUT PROTECTOR MK2 JULY 2016 10107161 — $10.00 
8-DIGIT FREQUENCY METER AUG 2016 04105161 $10.00 
APPLIANCE ENERGY METER AUG 2016 04116061 $15.00 
MICROMITE PLUS EXPLORE 64 AUG 2016 07108161 $5.00 
CYCLIC PUMP/MAINS TIMER SEPT 2016 10108161/2 $10.00/pair 
MICROMITE PLUS EXPLORE 100 (4 layer) SEPT 2016 07109161 $20.00 
AUTOMOTIVE FAULT DETECTOR SEPT 2016 05109161 $10.00 
MOSQUITO LURE OCT 2016 25110161 — $5.00 
MICROPOWER LED FLASHER OCT 2016 16109161 — $5.00 
MINI MICROPOWER LED FLASHER OCT 2016 16109162 $2.50 
NEw THIS IMIOINITIMss92222220009200090920900909000909099099090990299 
50A BATTERY CHARGER CONTROLLER NOV 2016 11111161 $10.00 
PASSIVE LINE TO PHONO INPUT CONVERTER NOV 2016 01111161 — $5.00 
MICROMITE PLUS L£D BACKPACK, os... MOW2OIS |., 07190161, $750, 


ON THE “BOOKS & DVDs” PAGES AT SILICONCHIP.COM.AU/SHOP 


CIRCUIT NOTEBOOK 


Interesting circuit ideas which we have checked but not built and tested. Contributions will be 
paid for at standard rates. All submissions should include full name, address & phone number. 


Simple split 
supply generator 


This circuit shows how a simple 
boost regulator can be used to gen- 
erate a split supply by adding just 
a few components. This example 
is based around the MC34063 and 
is derived from the improved SiD- 
RADIO power supply published in 
Circuit Notebook, June 2014 (pages 
80-81). However, virtually any boost 
circuit can be used in this way. 

The +12V rail is generated from 
the +5V rail in the usual manner: IC2 
briefly switches on an internal tran- 
sistor between pins 1 and 2 (Switch 
Collector and Switch Emitter, re- 
spectively). This causes current to 
flow from the 5V supply through the 
4.7Q resistor, then inductor L5 and 
through IC2 to ground. This current 
flow charges L5’s magnetic field. 

When IC2’s internal switch turns 
off, L5’s magnetic field starts to col- 
lapse and as a result, the voltage 
at pin 1 of IC2 rises dramatically, 
forward-biasing Schottky diode D1 
and charging the output capacitor 
filter bank via RF interference sup- 
pression inductor L6. The resulting 


, D 
DC ps 


IC2 
MC34063 


voltage is well above the 5V input 
and depends on the duty cycle that 
IC2's internal switch operates at. 

The voltage across the output 
capacitors is divided down by the 
13kQ and 1.5kQ resistors to provide 
feedback to pin 5 of IC2, so it can 
regulate the output voltage to about 
12V [1.25V x (13kQ + 1.5kQ + 1)]. 
IC2 also senses the voltage across 
the 4.7Q resistor and should this 
exceed 300mvV, the internal switch 
is turned off, protecting the circuit 
against overload. 

The extra components comprise 
a 1uF capacitor from pin 1 of IC2 
to feed two more Schottky diodes. 
When the voltage at pin 1 shoots 
up, just after the internal switch is 
turned off, this capacitor charges 
up to 12V via D2. The next time 
IC2's internal switch turns on, pin 
1 drops to 0V and so the bottom 
end of this added capacitor swings 
to -12V. This causes diode D3 to be- 
come forward-biased, charging the 
two output capacitors to a little less 
than -12V via L7. 

There are a couple of provisos to 
this method ofgenerating a split sup- 
ply. First, the -12V output is likely 


CircuitideassWanted 


to be a little lower than nominal, ie, 
around -11.7V. 

Since IC2 must compensate for the 
forward voltage of D1 by driving pin 
1 above +12V, this effectively can- 
cels out the voltage loss for the nega- 
tive rail generator in D2. However, 
D3 will also contribute a voltage 
drop of around 0.2-0.5V (depending 
on current draw) and so the negative 
output will be this much lower than 
the positive rail, assuming the load 
is connected across both rails. But 
note that most circuits requiring bal- 
anced rails do not require exactly the 
same voltage from each rail anyway. 

If you need the rails to be better 
balanced, one simple solution is to 
replace D1 with a pair of series-con- 
nected Schottky diodes. This will re- 
duce overall efficiency but IC2 will 
respond by increasing the voltage at 
pin 1 slightly and this will tend to 
cancel out the loss in voltage at the 
negative rail due to D3. 

Regardless, the negative output as 
shown here is not regulated since 
IC2 has no feedback from this out- 
put. Also, note that op amps tend 
to be more sensitive to variations in 
the voltage at their negative rail than 
the positive rail, although this does 
vary from device to device (check the 
positive and negative CMRR curves 
in the respective data sheet). 

A better solution is to change the 
feedback divider resistors to increase 
the output voltage by 0.5-2V and 
then fit a symmetrical pair of linear 
regulators, with worst-case drop-out 
voltages lower than the voltage in- 
crease you have provided, on both 
outputs. Using LDO regulators will 
let you minimise the extra voltage 
required, maximising efficiency. 

Nicholas Vinen, 

SILICON CHIP. 


Got an interesting original circuit that you have cleverly devised? We need it and will pay good money to feature it in the 
Circuit Notebook pages. We can pay you by electronic funds transfer, cheque (what are they?) or direct to your PayPal 
account. Or you can use the funds to purchase anything from the SILICON CHIP on-line shop, including PCBs and com- 
ponents, back issues, subscriptions or whatever. Email your circuit and descriptive text to editer@diiconchip.com.au 
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300Hz SQUARE 
WAVE CLOCK 


Precision switched capacitor DAC 
needs no precision components 


This circuit demonstrates how you 
can build a precision DAC without 
needing precision components. The 
design presented is a “4.1-bit” DAC 
with some unique properties but it 
can be extended to more bits by sim- 
ply replicating circuitry. 

The basic principle is shown in 
Fig.1. The first block is a switched 
capacitor divider which accurately 
produces a voltage halfway between 
inputs V+ and V- at output VO. DPDT 
switch S1 feeds two of the outputs 
of the first block to the two inputs of 
the second block. 

In one switch position, the up- 
per and lower input voltages for the 
second stage are Vref and Vref/2, 
while in the other switch position, 
the two input voltages are Vref/2 
and OV. Each subsequent block then 
produces a voltage which is halfway 
between two of the outputs of the 
previous stage. This configuration 
is known as a Kelvin-Varley divider, 
although they are normally built us- 
ing resistive dividers. 

By controlling the positions of 
each switch, we can produce output 
voltages between Vref + 2" and Vref. 
In the case ofa 4-bit DAC, this results 
in an output between 1/16th of Vref 
and Vref, which can vary in 15 steps. 
By adding a couple of extra switches, 
we can add the ability to produce an 
output of OV, thus giving 17 differ- 
ent possible output voltages evenly 
spaced between GND and Vref, in 
steps of Vref + 16. 

The output ofa typical R-2R ladder 
DAC does not go all the way up to 
Vref, so that's one advantage of this 
configuration. 
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The detail of the capacitive di- 
vider blocks is shown in Fig.2. Es- 
sentially it's a type of charge pump. 
With the internal DPDT switch in the 
position shown, capacitors C1 and 
C2 are in series across voltage inputs 
V+ and V- and thus each charge up 
to roughly half the applied voltage, 
depending on their exact values. 

In the alternative position, C1 and 
C2 are in parallel and so the voltage 
across them equalises, regardless of 
any slight difference in their values. 
Once their voltages stabilise, the 
only current flow is that needed to 
replenish their charge due to leak- 
age or current drawn from the output 
(VO). Ideally, low-leakage capacitors 
should be used such as plastic film, 
although ceramic capacitors should 
also be suitable. 

These building blocks are then 
combined to form the full example 
circuit, shown in Fig.3 (next page). 
A binary value between 0 and 16 
(00000 to 10000) is applied to in- 
put pins 2-6 of CON2. This passes 
through flipflop IC11 (for reasons 
explained later) to IC8, a 4-bit bi- 
nary adder that's used to subtract 
one from the applied value. This is 


achieved by adding 15, which has 
the same result as subtracting one 
for the lower four bits. The outputs 
of IC8 control a number of analog 
switch ICs to produce the desired 
output voltage. 

A remarkable property ofthis con- 
figuration is that the voltage across 
each divider, and therefore across 
each capacitor in the dividers, is 
constant regardless of the digital in- 
put value. In other words, changing 
the digital input does not require any 
capacitors to charge or discharge. A 
further advantage of having constant 
voltages on the capacitors is that it is 
unnecessary to use capacitors having 
low dielectric absorption and very 
little current flows during operation, 
minimising error due to resistances. 

Each switched capacitor build- 
ing block is formed from two of the 
three SPDT stages of a MAX4053 
triple analog switch IC. These ICs 
were chosen because they have a 
"break-before-make" characteristic 
and a very low charge injection of 
just 2pC (picocoulombs). This means 
that very little voltage is coupled 
from the control input through to 
any of the switch outputs during a 
switch transition. 

An NE555 timer (IC1) is used to 
generate a ~2.4kHz square-wave. 
This is fed to 4-bit binary divider 
IC10a which reduces the frequency 
to 300Hz at its pin 5 output (QC), 
to drive the capacitive dividers. 
One advantage of dividing a higher 
frequency signal is that it ensures 
that the duty cycle is exactly 5096, 
while the output of the 555 may not 
be an exact square wave, although 
that isn't especially critical in this 
circuit. 

Each divide-by-2 block is as 
shown in Fig.2 but implemented 
using the MAX4053 ICs. Two more 
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IC2, IC3, ICA: MAX4053ACPE 


Fig.3 


MAX4053 switches are used be- 
tween the output of each block and 
the inputs of the next block, as de- 
picted in Fig.1. Note that the two 
analog switches after the final block 
are arranged slightly differently. 
The output of the DAC is fed to 
a sample-and-hold buffer in order 
to remove any glitches which may 
occur on clock edges (due to charge 
injection, crosstalk, etc). IC9a con- 
nects the DAC output to this buffer. 
Its logic input is driven high except 
for when the binary input value is 
zero, in which case it connects the 
buffer input to ground instead. This 
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is necessary since the DAC, being 
built only from voltage dividers, 
could otherwise never produce a 
zero output. 

For non-zero inputs, either the 
output of the final divider block or 
its positive input voltage is fed to the 
input of the sample-and-hold buffer, 
depending on the binary input value. 
The sample-and-hold buffer itself 
consists of a dual op amp and an- 
other analog switch, plus an RC filter. 

When the logic control input of 
IC9b is high, the output of the first 
op amp buffer charges the 47nF ca- 
pacitor up to its output voltage viaa 


100Q resistor. This slows down any 
sudden transitions which may occur 
when the binary input value chang- 
es. Before the divider clock transi- 
tions low-to-high or high-to-low, 
IC9b is switched off and the 47nF 
capacitor at the pin 5 input of IC7b 
holds the last applied voltage until 
it switches on again later. This pre- 
vents glitches from getting through 
during the time that IC9b is off. 

Op amp IC7 was selected since 
it has a low input offset voltage (ie, 
it’s a precision op amp) and JFET 
or CMOS inputs. The JFET/CMOS 
inputs result in a low input bias 
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current which results in minimal 
current being drawn through the 
DAC capacitors and switches, thus 
minimising any error resulting from 
switch or wiring resistance. 

This switching is managed by 
IC10b, the other 4-bit divider in the 
same package as IC10a. The 1.2kHz 
square-wave from pin 3 of IC10a is 
slightly delayed by an RC filter and 
applied to the pin 13 clock input of 
IC10b while its reset pin (pin 12) is 
driven directly from the 600Hz out- 
put at pin 4. 

The result is that output pin 11 
(QA) ofIC10b goes high about 4164s 
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after an edge transition on pin 5 of 
IC10a (ie, the clock to the dividers), 
remains high for about 4164s and 
then goes low again, well before the 
next edge transition. 

The purpose of flipflop IC11 is to 
delay any changes in the input val- 
ue until just after IC9b is switched 
off, so that any resulting glitches 
will not appear at the output. This 
is achieved with another short RC 
delay circuit between the CLR in- 
put of IC10b and the clock input of 
IC11 at pin 9. 

Note that the circuit could be sub- 
stantially simplified if a microcon- 


IC5, ICó, IC9: MAX4053ACPE 
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troller is used, as the clock signal 
and sample-and-hold control signals 
could be generated from two syn- 
chronised PWM outputs and IC8, 
IC11, D1 & D2 could be eliminated 
by performing the subtraction and 
control logic in software. The micro 
could also ensure that the binary 
input value to the DAC does not 
change while the sample-and-hold 
buffer is active. 

Note also that the number of bits 
can easily be extended by simply 
replicating divider stages. 

Andrew Partridge, 

Toowoomba, Qld. ($60) 


NOVEMBER 2016 85 


Cireult Notebook = Continued 


PICAXE-based 
data logger 


This data logger is based on a 
PICAXE18M2, an OpenLog SD card 
interface and a TinyRTC real-time 
clock module and not much else. 
It was designed to log solar charger 
operation, ie, to track the voltage 
and current over time. The analog 
inputs can monitor 12V batteries/ 
solar panels or similar (up to 20V) 
and the output of a buffered current 
sensor (up to 4.5V). Other voltage 
sources can be logged by changing 
the input divider resistors. 

This logger is very simple to build 
and use, and has the following fea- 
tures: 
€ three analog inputs and one open- 
collector output (can be expanded); 
€ real-time clock with battery back- 
up; 
€ logs to an SD card in human- 
readable format, including time/date 
stamp and input voltages; 
€ data can easily be opened in Ex- 
cel or other spreadsheet software; 
€ logging interval adjustable from 
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one second to several days; 
€ uses pre-assembled modules and 
can be built on a single-sided PCB; 
€ small form factor; 
€ low cost; and 
€ PICAXE software can be easily 
modified to suit specific needs 
PICAXE18M2 microcontroller IC1 
monitors the voltages at its ADC in- 
puts (pins 1, 8 & 9) and the time/date 
is read from the TinyRTC module 
(with onboard DS1307 IC) via an IC 
serial bus on pins 7 & 10 ofIC1 (SDA/ 
SCL). It then writes the results to the 
SD card on the OpenLog module via 
a serial port on pins 16 & 15 (serial 
Tx & Rx). Having written a log entry, 
it then waits for a software-defined 
interval before repeating the cycle. 
The OpenLog module manages the 
file system on the SD card, greatly 
simplifying the software for IC1. An 
open collector output from pin 17 is 
also provided for an alarm function. 
When collected data is to be re- 
trieved, the SD card is simply re- 
moved from the logger and connect- 
ed to a PC via a card reader. 
The BASIC source code, “logger- 
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v3.bas", can be downloaded from the 
SILICON CHIP website. This can then 
be loaded into IC1 via the in-circuit 
serial programming (ICSP) header 
shown on the circuit diagram, us- 
ing a standard PICAXE program- 
ming cable. 

Note that if you want to re-pro- 
gram the PIC later, you would need 
to start the PICAXE editor before 
powering up the circuit. 

Note also that the default baud 
rate for the OpenLog module does 
not match the default baud rate for 
the PICAXE serial port. This is eas- 
ily solved by placing a CONFIG. 
TXT file in the root directory of 
the SD card, telling the OpenLog 
module to operate at 2400 baud. A 
suitable file is supplied along with 
the BASIC source code download 
available from our website at www. 
siliconchip.com.au 

George Mackiewicz, 

Vermont, Vic. ($50) 
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HAPPY 


To discover that the elusive bit 

that you want is stocked in the 
SILICON CHIP ONLINE SHOP! 

There’s a great range of semis, 
other active and passive 
components, BIG LEDs, PCBs, 
SMDs, cases, panels, programmed 
micros AND MUCH MORE that 

you may find hard to get elsewhere! 


Because you can't find 
that difficult-to-get 
special project 

part at your normal 
parts supplier. . . 

Or perhaps they've 
discontinued the kit you 
really want to build. . . 


If it's been published in a recent SILICON CHIP project and your normal supplier 
doesn't stock it, chances are the SiLICON CHIP ONLINE SHOP does! 
HERE ARE JUST SOME EXAMPLES (oodles more on our website!) 


Micromite Plus Explore 100 kit DS3231-based RTCC module 100dB Stereo 80 LED VU Meter 


Includes PCB, programmed 100-pin SMD 4 Real-time clock & calendar module w/ 4KB Described in the June 2016 issue. 
micro, and all other non- optional onboard EEPROM, IC interface & mounting n elsi a PIG praa ied ea 
arts except LCD (Sept-Oct 2016) ..... 69.90 5? Witt; EIR2032:cell csaten 7.50 DAMS) animeima i 
d P va ) $ e NOGE oraaa $5.00 Laser-cut clear case pieces .......... $15.00 
Micromite Plus Explore 64 kit Low-Cost, Accurate Voltage / Pack of 10 Ultra-bright SMD LEDs 
4 Includes PCB, programmed 64-pin SMD micro,  . Resistance / Current Reference “4. Red/amber/yellow/green/blue; diffused lens 
rystal, connectors and all other onboard parts all SMD Parts (2.5V or 1.8V version), à S2il0/ 12 0DIS 20)... «ouv oss oai vespa eei 75¢/10 
August 2016) FICA E PEIER TEE AE $30.00 including reference IC ................... $12.50 À 2012/0808. SE concadacenscesstcicnsssnnsenac 60c/10 
Micromite LCD BackPack kit a s Currawong stereo valve amplifier J&- 2.5GHz Frequency Counter 
Includes PCB, 2.8-inch TFT touchscreen, a Hard-to-get parts including 5 x 39uF 400V if -. ERA-2SM+ Wideband MMC and 
programmed microcontroller, laser-cut case lid capacitors, HV transistors, regulator and ADCH-80A+ Wideband Choke............ $15.00 
and other onboard parts (Feb 2016) ....$65.00 P blue LEDs... $50.00 88288] 3 blue 4-digit 7-segment displays ....... $15.00 
9 MCP1700 3.3V Low-dropout Regulator Isolated High-Voltage Probe ^, Logic-level Mosfets 
? — 83V LDO regulator in a convenient TO-92 Pack of hard-to-get parts including HCNR201- +? Pair of IPP230NO6L3 N-channel .......... $5.00 
I package, as used in many projects; up to 6V 050E linear optocoupler, op amps and HV A ` Or complementary pair of N & P-channel 
Ii input and 250mA output...................-- $1.50 111^ capacitors & resistors..................... $35.00 '  Mosfets (as used in Burp Charger) ...... $7.50 
GPS MODULE e , Multi-spark Cap. Discharge Ignition F +% PCB mounting RCA sockets 
= Onboard antenna, 1pps output, operation to mm et «9, Pack of hard-to-get parts for the CDI : Set of red, white, yellow and black matching, 
zZ 10Hz, cable included B e. including transformer core, bobbin and clips, d Switched RCA sockets. White sockets are hard 
i K2828U7G5LF GPS/GLONASS .......... $25.00 SMD ICs, Mosfets & HV capacitor .....$50.00 ’ to find. Suits multiple projects ............ $5.00 
DS18B20 waterproof digital e» Mini 12V USB regulator = Bright blue LED with diffused lens 
temperature sensor EN $ All SMD parts N 3mm lens, 25mm long leads 
Steel-encapsulated digital temperature sensor ote With low battery cutout ................... $15.00 N 5mm lens, 25mm long leads 
R $5.00 7"  — Without low battery cutout ............... $10.00 `S 5mm lens, 15mm long leads 
Micromite Parking Assistant 40V/5A Hybrid Switchmode Supply Pair of BSS83 dual-gate Mosfets 
yy wí | Ultrasonic distance sensor module and laser-cut All SMD parts including switchmode controller Dual-gate SMD Mosfets; discontinued with no 
UBS jiffy box lid to suit (black or clear); interfaces . SMD (c. inductor, Mosfets, Schottky diodes plus direct replacement. Used in the Wideband Active 
$e with LCD BackPack kit (March 2016) ...... $7.50 bobbin inductors..........................- $50.00 Differential Probe (Sept 2014) ........ $4.00/pr 
o Stereo Valve Preamplifier SiDRADIO parts MCP2200-1/SO 
Hard-to-get parts: 3 x 39F 400V capacitors, SMD Ze 125MHz crystal oscillator, mixer, dual gate USB/Serial interface IC, as used in the Serial 
inductor & shunt resistor .................... $20.00  $«*" Mosfet, 5V relay and more ................. $20.00 ? Interface project and the Deluxe GPS Timebase 
wf IPAGOR520E6 600V logic-level Mosfet ...... $5.00 RF ColllFOnmen DaGKsssese soe siae reos $5.00 (April 2013/April 2014) .................... $7.50 
» High-Energy Electronic Ignition System Classic DAC TCRT5000 
| / Jacob's Ladder (Nov 2012 / Feb 2013) Three hard-to-get ICs including CS8416 digital ^ Reflective Optical Sensor, as used in the 
ANN audio receiver, CS4398 DAC and PLL1708 clock Automatic Points Controller for model railways 
QS ISL9V5036P3 360V, 46A IGBT.......... $10.00 generator plus crystal & blue LEDs.......$45.00 | (March 2013)... 5 Be uasa: $2.50 


P&P (within Australia) on most items is fixed at $10.00 per order. The more you buy, the cheaper they become . . . 


on't forget: SILICON CHIP Subscribers qualify For a 10% discount on all these items! 


ES! We also stock most SILICON CHIP project PCBs From 2010 and even earlier! 


Log on now: vvovi.stilieemep.eem.eau/smep 
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t wasn't that long ago that a basic 

two-channel 100MHz bandwidth 
digital oscilloscope sampling at no 
more than 500MSa/s would set you 
back more than $5000. 

But that was when DSO technol- 
ogy was very new and the market 
was dominated by two big US firms. 
Since then the technology has gal- 
loped away and quite a few other firms 
have joined the market, many ofthem 
based in China. 

Siglent started up in Shenzhen, 
China (near Hong Kong) in 2002, and 
launched their first ADS7000 DSO in 
late 2005. By 2007, these were selling 
in both the USA and Western Europe 


at the rate of 10,000 
units per year. Since 
then, Siglent has been 
releasing a steady stream 

of high performance scopes. 

The SDS2104 is part 
of their SDS2000 series of 
"Super Phosphor" oscilloscopes, 
launched in late 2013. Last year, 
this series was partially superseded 
by the SDS2000X series, although 
the differences between the two are 
not dramatic. 

Models like the SDS2014 have con- 
tinued to sell well, especially since some 
of the previously optional extras are 
now being included at no extra charge. 


Scope 1: this rather busy screen grab shows all four analog channels measuring 
various different waveforms, with the eight digital channels also enabled. 
Details of the timebase and vertical settings are at the right edge of the screen. 
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It’s because models 
like the SDS2014 offer such good 
value for money that we’ve chosen to 
review it here, rather than its newer 
equivalent, the SDS2014X (which car- 
ries a significantly higher price tag). 


Main features 

The Siglent SDS2000 series comes 
with an analog bandwidth of 70MHz, 
100MHz, 200MHz or 300MHz with 
either two or four channels. So the 
SDS2014 with its four 100MHz chan- 
nels is in the middle of the range. 

Like all models in the series, the 
SDS2014 offers a maximum real-time 
sampling rate of 2GSa/s, although this 
only applies when a single channel is 
being used (the X series offers the full 
sampling rate regardless of the num- 
ber of channels in use). The memory 
depth is quite impressive though, at 
70Mpts (vs 140Mpts for the X series). 
It also boasts a fast signal capture rate 
of 110,000 waveforms/sec, while the 
X series offers 140,000 wfm/s. 

Other key features of the SDS2014 
include those associated with Siglent’s 
Super Phosphor (SPO) technology: a 
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256-level intensity grading waveform 
display plus a colour temperature 
waveform display. Both of these are 
designed to allow clearer identifica- 
tion of brief events as well as indicat- 
ing the probability distribution of a 
displayed waveform. 

There’s a neat hardware-based zoom 
function (see Scope 3), which lets 
you zoom into any part of a captured 
waveform to examine and measure 
all of its details. It has a wide range 
of triggering options, including edge, 
slope, pulse, video (including HDTV), 
window, interval, dropout, runt and 
pattern triggering. There are also five 
serial trigger and decode functions, 
covering serial data protocols for I?C, 
SPI, UART/RS232, CAN and LIN. 

For automatic measurements on 
analog signals, there’s a choice of 14 
different voltage measurements, nine 
different time and duty cycle measure- 
ments and another nine inter-channel 
time delay measurements. It’s also easy 
to make custom measurements using 
vertical and horizontal cursors. 
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There's a good selection 

of waveform “math” opera- 
tions. As well as the usual 
addition, subtraction, mul- 
tiplication and division it 
includes Fast Fourier Trans- 
form (FFT), differentiation, 
integration and square root. 
Cursor measurements can be 
used on any of these opera- 
tions as well. 

Other features of the ba- 
sic SDS2000 series include a 
200mm (8") diagonal TFT-LCD 
colour display with 800x480 
pixel resolution, an English or 
Chinese user interface with a 
built-in help system and the abil- 
ity to save set-ups, waveforms, screen 
images and CSV data files in either 
internal memory or on a USB thumb 
drive plugged into the instrument's 
front panel. 

It also has the ability to print the 
screen image directly to a PictBridge 
compatible USB printer, plugged into 
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Four 100MHz channels 
Sample rate of 2GSa/s (single channel) 
Signal capture rate of 110,000 waveforms per second 


Memory depth of 70Mpts 

8-inch 800x480 24-bit colour TFT-LCD display 
256-level intensity grading waveform display 
25MHz arbitrary waveform generator 
8-channel logic analyser 


the USB type-B socket on the rear 
panel. 

Also on the rear panel is a LAN 
(VXI-11) socket for communication 
with a PC plus a pair of BNC sock- 
ets; one external trigger input and the 
other for either trigger output or Pass/ 
Fail test result status. Incidentally, the 
SDS2104, like all of the other models 
in the SDS2000 series, responds to 
SCPI remote control commands fed 
to it via either a USB or LAN cable. 

Other handy features include the 
ability to update the firmware, to do 
various self tests, to change the set- 
tings for the screen saver, to set the 
date and time for the built-in RTC and 
the ability to do self-calibration. While 
that covers the main features, there are 
extra "bonus" features. 


Bonus features 


First of all, there's the inbuilt 
8-channel logic analyser. This works 
in conjunction with a logic sampling 
probe (SPL1008, currently bundled 
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Scope 2: this heat map display of a frequency modulated sinewave shows how 
the scope captures thousands of waveforms per second and varies the pixel 
colour based on how many captured waveforms cross a given point. 
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Scope 3: this capture shows how the large amount of standard memory allows 
zooming into the waveform while still showing fine details of the signal. 
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Scope 4: here the I?C protocol decoding has been enabled; the clock and data 
signal traces are shown, along with the decoded hexadecimal data below and, 
in table form, above. 


with the SDS2104), which plugs into 
arectangular socket at the lower centre 
of the front panel and has nine flying 
input leads; eight signals plus earth. 
In comparison, the newer X-series 
models have an optional 16-channel 
MSO function, which needs a match- 
ing 16-channel probe (SPL1016). 
Among the options available in 
MSO mode are the ability to set the 
triggering threshold to suit TTL, 
CMOS, LVCMOS3.3 and LVCMOS2.5 
logic levels, plus a custom option to al- 
low setting the threshold to anywhere 
between -3V and +3V. There are also a 
number of options regarding display 
of the digital channels. For example, 
when you have activated the serial 
trigger and decoding function, you 
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can display each channel (or a group 
of channels) in terms of its decoded 
binary or hex value as well as its wave- 
form (see Scope 4). 

The sampling rate for the MSO digi- 
tal channels is quoted as 500MHz, and 
the status sampling rate as 60MHz. 
The maximum data rate for a single 
channel is 120Mbps, while the pulse 
width resolution is 15ns. 

In short, although the MSO func- 
tion might have only eight channels, 
it should be quite useful for many 
common testing applications, espe- 
cially when used together with the 
SDS2104’s serial decoding functions. 


The AWG/function generator 


The arbitrary waveform and func- 


tion generator provides a choice of 
nine different inbuilt waveforms: 
sinewave, square wave, ramp (triangu- 
lar/rising or falling sawtooth), pulse, 
noise, cardiac, Gaussian pulse, expo- 
nential rise and exponential fall. 

There’s also a DC option which 
adjusts the offset applied to any of 
the previous functions, plus support 
for arbitrary waveforms to be loaded 
into the SDS2104 from a PC, using 
Siglent’s EasyWave software. The 
same software can be used to create 
the waveform, either from scratch or 
by downloading an existing standard 
waveform from the SDS2104 and ed- 
iting it as desired. 

EasyWave can be downloaded from 
Siglent’s US website (www.siglen- 
tamerica.com) but note that before it 
can be run you also have to download 
and install NI-VISA 15.0.1 from the 
National Instruments website at www. 
ni.com/download/ni-visa-15.0.1/5693/ 
en/ This provides the drivers necessary 
for USB (or LAN) communication with 
the SDS2104. 

The waveform generator has only 
one output channel but its specs are 
quite impressive. The sampling rate is 
125MSa/s, with a waveform length of 
16K points and a vertical resolution of 
14 bits. Maximum output frequency is 
25MHz, with a frequency resolution 
of 1uHz. The output amplitude can 
be set to any level between 4mV and 
6V peak-to-peak for a high impedance 
load, or from 2mV to 3V peak-to-peak 
for a 50Q load. 

When sinewave output is selected, 
the frequency can be set to anywhere 
between 14Hz and 25MHz. The upper 
frequency limit drops to 1OMHz when 
you select a square wave or rectangular 
pulse, or to 5MHz if you select cardiac, 
Gaussian pulse or the exponential rise 
or fall waveforms. Selecting a ramp 
waveform makes it fall even further, 
to 300kHz. 

It's worthwhile noting with respect 
to the square wave and pulse options 
that the duty cycle of the square wave 
output can be varied between 2096 and 
8096, with rise and fall times of less 
than 24ns. The pulse width can be ad- 
justed between 48ns and 1ms, with a 
jitter level of 8ns. 

So the built-in function and AWG 
generator with its 25MHz range and 
14-bit vertical resolution should be 
very useful in a wide variety of test- 
ing applications. 

Incidentally, Siglent have an op- 
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Front view: each channel has its own set of vertical controls while the remaining buttons are laid out in a clear and 
logical manner (in fact, quite similarly to our venerable Agilent scope). On the screen, you can see a chopped sinewave 
being produced from the internal arbitrary waveform generator, as described in the text. 


tional SPA1010 wideband 10W am- 
plifier which can be used to boost 
the output of the SDS2104's wave- 
form generator as well as any of their 
other function/ AWG generators. The 
SPA1010 has a rated -3dB bandwidth 
of 1MHz and can deliver 10W into 
an 8Q load at any frequency between 


This optional isolation module 
allows up to two channels to have 
independent ground references. 
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500Hz and 200kHz. 


Power analysis 

The final bonus feature currently 
bundled into the SDS2104 is a firm- 
ware module to perform Power Anal- 
ysis of switchmode power supplies. 
This module can perform quite a few 
SMPS tests, including: 
€ seven tests at the AC line input 
(power factor, true power, apparent 
power, current harmonics, crest fac- 
tor, inrush current and phase angle); 
€ three analysing the device itself 
(switching loss, di/dt and dv/dt slew 
rates); 
€ nine analysing the switching per- 
formance (average, RMS, period, fre- 
quency, positive and negative pulse 
width, duty cycle, rise and fall times); 
€ one testing output ripple; 
€ two measuring turn-on and turn- 
off times; 
€ one for transient response, and 
€ three for determining overall effi- 
ciency (Pout, Pin and Pout/Pin). 


To make full use ofthis module, you 
need to acquire various external items, 
though. At the very least you'll need 
an isolating high-voltage probe, plus 
a current probe. 

Siglent can provide a two-channel 
isolating HV probe with a bandwidth 
of 1MHz, powered from the DSO it- 
self via the front-panel USB connec- 
tor. They can also provide a wideband 
(40MHz) 30A AC/DC current probe, 
the CP5030, although this does cost 
about twice as much as the SDS2104 
DSO itself. 

There's also a Power Analysis 
Deskew Fixture (DF2001A), which can 
be used to compensate for any time 
delay difference between the voltage 
and current probes, to improve meas- 
urement accuracy. 


What we found 


Despite its high performance and 
generous 200mm-diagonal screen, 
the SDS2104 is fairly compact (352 x 
224 x 112mm) and modest in weight 
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The rear panel carries the mains input socket, Kensington security lock, trigger in/out BNC connectors, USB host port and 
Ethernet interface, for remote control. The integrated carry handle and feet can also be seen. The trigger output can also 
be configured as a pass/fail output via the front panel user interface. 


(3.6kg). It also appears to be sturdily 
built, which should augur well for 
reliability. 

We tested the bandwidth of the 
four main analog input channels and 
they all proved to have an upper -3dB 
frequency above 116MHz, with one 
channel showing a figure of just over 
140MHz. Very comfortably above the 
rated 100MHz, in other words. 

We were very impressed with the 
wide range of trigger functions and 
waveform maths operations, and also 
the variable trace intensity/persistence 
and colour grading functions provided 
by Siglent's SPO technology. 

We were impressed by the wide 
range of serial triggering and decoding 
options, and the way they enhance the 
mixed signal aspect of the SDS2104. 
It does take a while to get familiar 
enough with setting these options, 
but once you do it's easy to see that 
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the instrument should be very handy 
for tracking down tricky problems 
involving I?C, SPI, CAN or LIN data 
transactions. 

The built-in waveform/function 
generator turned out to be easy to 
use, and we were impressed with 
the clean waveforms resulting from 
its 14-bit resolution. For many us- 
ers, the function generator section 
may well provide all that is needed 
in terms of test signal generation up 
to 25MHz. 

We're not sure how useful the 
AWG feature would be but we did try 
downloading and installing both NI- 
VISA and Easywave on a PC, and then 
downloading a sine waveform from 
the SDS2104 and changing it into a 
chopped waveform like that achieved 
by a Triac. That proved to be quite easy 
and when we then loaded the result 
back into the SDS2104's AWG, we 


could generate the chopped waveform 
in short order. 

The Power Analysis feature is fairly 
specialised in application, coupled 
with the need to acquire various ex- 
tra hardware items (some of them 
quite expensive) in order to put it to 
use. Still, for those who are involved 
in testing SMPSs it could make the 
SDS2104 particularly good value for 
money. 

In summary, we found the Siglent 
SDS2104 100MHz DSO/MSO an ex- 
cellent performer and exceptional 
value for money. It's currently avail- 
able with all the above features for 
less than $1900 including GST. You 
can get it from Siglent's Australian 
distributor, Trio Test & Measurement 
Pty Ltd. For more details, visit www. 
triotest.com.au or e-mail sales@triot- 
est.com.au Alternatively, phone them 
on 1300 853 407. St 
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is more compact 

| than the Astor M5 
d radio described in 
| September 2016 
fem | but it's still a good 
| performer. 
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The incredible shrinking 
mantel set: GE's T2105 


In September, we looked at Astor's M5 & 
M6 5-transistor sets. By sacrificing an IF 
amplifier stage, GE's T2105 model reduces 
the transistor count to just four but the set 
still offers good performance. 


HIS GE T2105 4-transistor set ap- 

peared at an Historical Radio So- 
ciety of Australia auction last year but 
I'd gone intending to keep my hands 
well in my pockets. After all, I really 
haveto stop somewhere when it comes 
to acquiring vintage radios! 

After the auction, the person who 
bought it told me about its 4-transistor 
design and regret set in with a venge- 
ance. An offer to buy the set was po- 
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litely declined but I was very pleased 
when he offered to lend me the set so 
that I could have a good look at it. I 
was curious to find out if it was really 
any good or just a cheap-and-cheerful 
import with mediocre performance. 


The T2105 - first look 


Despite having only four transistors, 
Isoon discovered that the T2105 is able 
to take on five, six and 7-transistor sets 


for ordinary listening in the suburbs. 
It also works just fine at my country 
property near Castlemaine, pulling in 
both Melbourne ABC stations as well 
as any other set, along with a heap of 
country stations from all over Victoria. 
Perhaps it's a good thing that it's go- 
ing back to its owner in the near future. 
My Astor M6 was beginning to wonder 
if it had any future in my kitchen and 
was looking decidedly nervous as I 
examined this new kid on the block! 


Circuit details 


If we have to take a “man overboard” 
approach to radio receiver design, it’s 
easiest to dump the more complex 
stages. This certainly was Regency’s 
reasoning when, after starting with 
an 8-transistor design, they finally ar- 
rived at their 4-transistor TR-1 which 
was a big success. 

GE seems to have had the same idea. 
Like the TR-1, the T2105 uses a self- 
excited converter, a single AGC-con- 
trolled IF stage, a diode demodulator/ 
AGC rectifier and two audio stages 
with resistance-capacitance coupling 
and a Class-A output configuration. 

Like the TR-1, the T2105 uses NPN 
transistors. However, unlike the TR-1, 
the T2105 uses silicon planar devices 
(as opposed to the TR-1’s grown-junc- 
tion devices). 

Fig.1 shows the circuit details of the 
GE T2105. It specifies SE1001 (TO-18 
package) transistors for the converter 
and IF stages, a BC209 audio driver 
stage and a 2N3563 (TO-5 package) for 
the Class-A audio output stage. How- 
ever, the set shown in this article has 
unmarked transistors for the first three 
devices and these are in a stepped 
non-standard case that’s similar to a 
TO-226 package. A 2N3568 transistor 
is used for the output stage, as speci- 
fied on the circuit. 

Another surprise was that the IF am- 
plifier stage (TR2) uses a grounded base 
configuration which is rather strange. 
This configuration made sense in sets 
that used alloyed-junction germanium 
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Fig.1: the GE T2105 is a 4-transistor design. TR1 functions as the converter, TR2 is an IF amplifier stage, diode D1 is the 
demodulator, TR3 is an audio driver stage and TR4 operates as a Class-A output stage. The set is mains-powered only 
and the power supply uses a power transformer to drive a half-wave rectifier and 47uF filter capacitor. 


devices because it dispensed with the 
need for neutralising. However, silicon 
planar devices, as used in the T2105, 
have low feedback capacitances and 
so don’t need neutralisation. 

Looking at the circuit in greater de- 
tail, converter stage TR1 gets its base 
bias from divider resistors R1 & R2. 
This divider sets its base at around 
3.5V and so its emitter sits at about 
2.9V. Emitter resistor R3 limits the 
emitter current to around 0.75mA un- 
der DC conditions. 

A final point about R1 & R2. Their 
values are quite low for a simple volt- 
age divider but at the same time, they 
are also part of a divider network 
with resistor R10. This arrangement 
(in combination with the current 
drawn by the audio driver and RF/IF 
stages) ensures that the +24V supply 
is dropped down to the ~9V required 
to power the front end. 


Is the LO operating? 
As an aside, valve converters often 
derive their oscillator's anode supply 


via a dropping resistor. A large vari- 
ation in the anode voltage from nor- 
mal can indicate LO (local oscillator) 
failure and I recently used this fact to 
confirm this type fault in a friend's Ed- 
dystone set. By contrast, stopping the 
T2105's LO gives no significant change 
in the circuit voltages. 

Basically, if you suspect that a tran- 
sistorised LO is not operating, circuit 
voltages don't seem to be a useful in- 
dication. 

As shown on Fig.1, TR1 uses collec- 
tor-emitter feedback, resulting in less 
LO radiation back through the antenna 
rod. The output from the converter is 
fed via L2 to the first IF transformer 
which is an autotransformer, ie, with 
a tapped winding. This is similar to 
the scheme used in the Pye Jetliner 
(SILICON CHIP, September 2014). IF 
amplifier stage TR2 is then fed from 
the first IF transformer’s single wind- 
ing via capacitor Cx. 

Since the “top” of the IFT’s winding 
(via pin 2) goes to the positive supply 
rail (and thus to IF ground), the IFT’s 


Indicated]RElSignal|l'evelsi&tGain 


As noted in the article on the Astor M5 
mantel set last month, all signal injec- 
tion voltages shown on the circuit are 


as indicated by the generator's output 
controls. However, there is an issue with 
the GE T2105 concerning the accuracy 
ofthe indicated injection voltage into the 
emitter of IF amplifier TR2. 

A quick calculation indicates an input 
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impedance of some 20-309 at TR2's 
emitter and that's low enough to load 
down my 50-ohm generator so that the 
indicated value is artificially high. How- 
ever, since most of us are simply going 
to connect a standard test lead (with a 
blocking capacitor) to the circuits we're 
testing, "uncompensated" readings are 
probably the most useful. 


"hot" end connects to the circuit via 
pin 4. Tuning for the IFT is achieved 
using Cx, which connects to TR2's 
emitter and then to IF ground via T2. 

This makes TR2’s emitter circuit 
part ofthe first IFT's tuned circuit and 
the low voltage/impedance tap pro- 
vides optimal matching into TR2's low 
emitter impedance. Emitter resistor R6 
(at 1000) provides a path for the DC 
emitter current to ground. The signal 
from T1 modulates this current and 
since the base voltage is essentially 
fixed, this varies the base-emitter volt- 
age and thus the collector current. 

Before leaving the front-end stages, 
let's consider the role of diode D2 and 
resistor R15. While such components 
are used purely to limit the LO's signal 
amplitude in some sets, in this set D2 
& R15 are also part of the converter's 
collector load. 

Disconnecting D2 confirmed its role 
in limiting very strong signals, well 
after the main AGC voltage had cut 
TR2’s gain to almost unity. However, un- 
like the conventional AGC extension 


Some readers may be puzzled as to 
how a set amplifying a signal of about 
10V at the converters base (TR1) 
can deliver a power output of around 
50mW into the speaker. That repre- 
sents a power gain of around about 
110dB! However, if you allow a gain 
of around 27dB per stage and multi- 
ply that by four, it’s easy to see how 
this figure is achieved. So why hadn't 
anyone done it before? 
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Most of the GE T2105's circuit parts are mounted on a single PCB, as shown in i 


this labelled photo. Note the flag heatsink fitted to the audio output transistor at 
bottom right. The mains switch is on the back of the volume pot, directly above 


the output transistor. 


diode used in (for example) the clas- 
sic “Mullard” design, D2 acts a simple 
clamp diode. It does not rely on the 
first IF amplifier’s change in collector 
voltage as the main AGC circuit comes 
into action. 

As stated earlier, IF amplifier TR2 
has a grounded base configuration and 
while a grounded-base stage’s current 
gain is slightly less than one, its voltage 
gain can be considerable — more than 
for a common-emitter stage. 

TR2 feeds the tuned primary wind- 
ing of IF transformer T2 and its second- 
ary in turn feeds demodulator diode 
D1. The recovered audio signal is then 
filtered and fed to the base of audio 
driver stage TR3 via volume control R8 
and a 2.2uF coupling capacitor. TR3’s 
collector then directly drives the base 
of TR4, the Class-A output stage. 

This direct-coupled audio section 
saves on capacitors and output stage 
biasing components and is an unusual 


circuit. All other direct-coupled de- 
signs I’ve seen thus far use DC feedback 
around the output stage to stabilise the 
operating point. This means that tem- 
perature variations (or even transistor 
substitutions) have negligible effect on 
circuit operation. 

By contrast, this circuit works by 
using quite a high value output emit- 
ter resistor (100Q) to provide strong 
local negative DC feedback, with a 
100uF bypass capacitor to ensure that 
the AC signal gain is still high. The 
driver stage based on TR3 is stabilised 
separately. 

Let’s take a closer look at TR3’s bi- 
asing arrangement. This stage uses 
collector bias, with DC feedback from 
collector to base. While it’s not as im- 
mune to temperature and component 
changes as combination bias, it works 
well enough for audio applications 
where the collector voltage changes 
with collector current. 


Check The Mains Wiring Before Restoration 


If you have one of these sets, note 
that the mains power is controlled by a 
switch on the back of the volume control 


potentiometer. This means that the leads 
running to this switch and the switch con- 
tacts operate at mains potential. 

In addition, mains power is also pre- 
sent on a tagstrip that's held in a plastic 
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cover attached to the speaker frame. 

These mains connections were all ad- 
equately insulated on the set described 
here but it's something to watch out for. 
In fact, you should always check the in- 
sulation of all mains wiring and any as- 
sociated connections before working on 
any mains-powered equipment. 


TR3's collector load is also rather 
odd. As shown on Fig.1, this load 
consists of voltage divider R13 & R11 
which also sets TR4’s base voltage. 

At first glance, this may appear to 
provide a low-impedance load for TR3, 
resulting in a low voltage gain. How- 
ever, TR4's input impedance is only 
a few hundred ohms at most, so the 
parallel combination R11 & R13 is ac- 
tually high enough to have little effect. 

In short, it's a “cheeky” design that 
connects the driver's output straight 
into the output stage's bias divider. 

As stated, TR4 operates as a Class- 
A amplifier stage. It dissipates some 
600mW of power with no signal, which 
is quite a lot and so it's fitted with a 
flag heatsink to aid cooling. This tran- 
sistor, a 2N3568, is also encapsulated 
in a ceramic-body, epoxy-topped TO- 
105 case. 

TR4's collector drives output trans- 
former T3 and its secondary in turn 
drives a 4-ohm loudspeaker. A second 
winding on the transformer provides 
feedback to the bottom end of the vol- 
ume control, to reduce distortion. 

The power supply is about as simple 
(and economical)as it gets and consists 
of a power transformer, a half-wave 
rectifier and a 47pF filter capacitor. 
Resistor R101 in series with the trans- 
former's 33VAC secondary limits the 
surge current into the rectifier when 
power is first applied, while C13 filters 
any RF interference from the supply. 


Why silicon transistors? 

The first transistors were made us- 
ing germanium rather than silicon. 
Germanium has a melting point of 
about 940°C and this made it easier to 
work with than silicon which melts 
at 1420°C. 

Eventually though, germanium’s 
scarcity and its high leakage current led 
to the adoption of silicon. This has sev- 
eral advantages, including significantly 
lower leakage currents, higher oper- 
ating temperatures and much lower 
feedstock costs than germanium. 

Silicon devices are also naturally 
better protected than germanium de- 
vices. Germanium dioxide is a soluble 
compound and so germanium devices 
require well-designed encapsulations 
and perfect (hermetic) seals to guaran- 
tee long lifetimes. 

By contrast, a silicon dioxide surface 
(ie, glass) provides highly effective 
protection for silicon devices. This 
natural protection allows economic 
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encapsulations, even permitting the 
use of epoxy resins for many low-pow- 
er audio and RF transistors (such as 
those used here) and industrial-grade 
ICs and microcontrollers. 


Cleaning it up 

As it came to me, the set was in 
quite good working condition. I sim- 
ply cleaned the cabinet and sprayed 
the noisy volume-control pot with 
contact cleaner and that was it. The 
set was then ready for the test bench. 

As an aside, I’ve not seen any other 
4-transistor all-silicon designs from 
the mid 1960s. While Regency’s TR-1 
is also a 4-transistor set, any com- 
parison between it and the GE T2105 
would be unfair. Although only 12 
calendar years separate the 1954 TR-1 
from the 1966 T2105, we would be 
comparing a radio using first-gener- 
ation grown-junction germanium de- 
vices against a set using fifth genera- 
tion silicon planar devices. 


How good is it? 

GE’s T2105 isn’t in the same league 
as the 7-transistor Philips 198 from 
1958 (SILICON CHIP, June 2015) but 
it’s still a creditable performer given 
its simplicity. 
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Its sensitivity (at 50mW output) is 
300uV/m at 600kHz and 1400kHz and 
it achieves this figure with a 20dB 
signal-to-noise (S/N) ratio. This 20dB 
S/N ratio is a result of the set's com- 
paratively low RF/IF gain, due to its 
use ofa single IF amplifier stage (TR2). 

The IF bandwidth was +2.5kHz at 
-3dB. Testing at -60dB was impractical 
but it exhibited a bandwidth of some 
+60kHz at -30dB, again due to its sim- 
plified IF channel. 

Like most small sets, the T2105’s 
audio performance is best described 
as “adequate”. Its audio response from 
the volume control to the speaker is 
200-2000Hz, while from the antenna to 
the speaker it’s 200-1500Hz. The audio 
distortion at 50mW is 4% and is just 
2.4% at 10mW out. As expected, the 
distortion rises to around 10% at the 
onset of clipping, at which point the 
set is delivering 180mW. 

The set's audio output power is ac- 
tually less than one-third ofthe power 
drawn by output transistor TR4. This 
is in line with other practical Class- 
A designs. It appears as though real- 
world Class-A output stages simply 
can't approach the theoretical maxi- 
mum of 50% efficiency. 

The set's sensitivity is also lower 
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e A must-have for everyone interested 


in electronics 


Exclusive to: 
SILICON 
CHIP 


Further Reading 


(1) The original circuit (it was re- 
drawn for this article) is on Kevin 
Chant’s website at http://www. 
kevinchant.com/general-electric. 


html 


(2) Photos of the set can be found 
on Ernst Erb’s Radiomuseum web- 
site at http://www.radiomuseum. 
org/r/general_el_t2105a.html 


than would normally be expected. 
Based on other sets I’ve tested, the con- 
verter's sensitivity of some 7uV should 
translate into an "air sensitivity" of 
70-1004 V/m instead of the measured 
300nV/m. The T2105's minuscule fer- 
rite rod antenna is probably the culprit; 
itsimply picks up less RF energy than 
the larger ferrite rod antennas used in 
bigger sets. 

Despite this, I really do like it. Elec- 
trically, it's a good performer in all but 
the most demanding settings. I also 
like its cheap and cheerful design. 
Whoever put this set together was able 
to extract maximum performance with 
a minimum of complexity and some 
clever engineering. SC 


Order now from www.siliconchip.com.au/Shop/3 or call 
(02) 9939 3295 and quote your credit card number. 
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ASK SILICON CHIP 


Got a technical problem? Can’t understand a piece of jargon or some technical principle? Drop us a line 
m 


iliconchi 


and we'll answer your question. Send your email to sili 


Senator crossover and 


12-inch driver option 


I am in the process of building the 
Senator speakers using the Septem- 
ber/October 2015 design with the en- 
closures been built by a cabinet mak- 
er friend out of 22mm MDF. My first 
question relates to the crossover. For 
the inductor, what wire diameter (or 
supplier model number) would you 
recommend" I couldn't find a figure 
in the magazines. I’ve already pur- 
chased the PCBs and bobbins from the 
SILICON CHIP store. 

Secondly, just to add a little more 
fun to it I'd like your design thoughts 
on using the Celestion NTR12-3018D 
12-inch driver in lieu of the specified 
10-inch driver. Its specifications are 
similar to both the 10-inch used in the 
Senator and the 15-inch model used in 
the Majestic speakers. Is this do-able 
with the existing cross-over design? 

My main concerns are the required 
changes to the enclosure. First up, tak- 
ing into consideration I'm intending to 
use 25mm MDF, it would have to be 
wider (as the cut-out for the 12-inch 
driver is 286mm) but I'd like to limit 
the overall width to say 380mm (400 
max), the depth to about 420mm and 
gain any extra volume required beyond 
this by increasing the height. I assume 
the reflector panel would also need 


I would like to connect a Gener- 
al Purpose (mains) Outlet for use at 
the bench in a workshop, as safely 
as possible. I have available a mains 
rated 240VAC-240VAC transformer 
with both the primary and second- 
ary rated at 8A. This could presum- 
ably support mains loads up to about 
2KW as an "isolation transformer". 

I also have a commercial Earth 
Leakage Detector RCD double outlet 
which "trips out" for loads greater 
than 10A or current imbalance/Earth 
leakage greater than 10mA. 

It doesn't seem to make much 
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to change in width, height and angle. 
Finally, the horn model number you 
specified, Celestion T1534 is actually 
the T5134 (according to Celestion). 
Keep up the great work and the en- 
joyment the projects and stories bring 
me since ceasing to be a hands-on 
aviation tech. (H. L., Melbourne, Vic.) 
€ We described winding the inductor 
in the June 2016 issue and you can use 
18 or 20 gauge wire (0.95-1.27mm di- 


ameter). See www.siliconchip.com.au/ 
Issue/2016/June/Budget+Senator+2- 


Way+Loudspeaker+System%2C+Pt.2 

You can vary the volume of the enclo- 
sure as you propose but the angle of the 
internal reflector should be the same. 

You cannot use a larger woofer and 
simply enlarge the enclosure and hope 
for good results. Ideally, the box needs 
to be redesigned using the Thiele- 
Small parameters of the 12-inch driv- 
er and the port length adjusted to give 
correct tuning. 


Ultra-LD Mk.4 


trouble-shooting 


I have one of my Ultra LD Mk4 Am- 
plifier modules fully tested and run- 
ning perfectly but the other one has 
been baffling me for three weeks. When 
doing initial testing of this module (no 
fuses and 68Q safety resistors in series 
with the supply connections), I had to 


Can isolation transformer improve|mains outlet safety, 


sense to try and use both since if 
the mains is rendered “floating” by 
the isolating transformer, there will 
will be no current to Earth ina fault/ 
shock situation. 

Could you please indicate whether 
it would be better for me to use the 
isolation transformer or the RCD out- 
let in my workshop? (C. B., via email.) 
@ The two devices are used for dif- 
ferent reasons. You should always 
use an RCD/circuit breaker for any 
mains equipment. It will protect you 
in case the appliance loses an Earth 
lead, breaks down to frame or devel- 


increase the safety resistors to 680Q to 
reduce the current drain. 

All on-board LEDs light-up as they 
should. The voltage drop across the 
680Q resistors and the +57V rails indi- 
cates a current draw of ~50mA. Where 
your circuit indicates that there should 
be 600mV across the 689 emitter resis- 
tor for Q5, I measure 3.4V. The base- 
emitter voltages for Q3a, Q3b and Q5 
are all around 0.65V, as I would expect. 

Why isn’t the Q5 current being 
decreased as described in the article? 
The base-emitter voltages indicate that 
both Q3a and Q3b are switched on. 
Under high magnification my SMD 
soldering wouldn’t win any prizes 
but there are no obvious shorts or dry 
joints. Are there any suggestions you 
can give me? (D. H., Sorrento, WA.) 
@ It looks like there is an open circuit 
between the collector of Q3b and the 
base of Q5. It’s also possible that Q3b 
is faulty, although a soldering problem 
is more likely. 

Your measurements indicate that 
there should be nearly 3V across the 
2.2kQ resistor between Q3b’s emit- 
ter and base so it certainly should be 
switching on but the current from its 
collector apparently is not pulling Q5’s 
base up. Check the resistance across 
the two 6.2kQ resistors, with the power 
off, just to be sure. 

Sometimes it can look like a small 


ops any other fault which renders it 
dangerous to touch. 

An isolation transformer is only 
required if you are repairing or 
testing a piece of equipment which 
needs to have its circuitry floating, 
ie, not Earthed in some way. As you 
point out, the RCD will not work 
if you are using an isolation trans- 
former. So unless you have a specific 
reason for using an isolation trans- 
former, don’t. 

We have a large isolating trans- 
former in our laboratory but we use 
it very rarely. 
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part like the HN3A51F is soldered 
properly but a pin may be “floating” 
slightly above its pad. Add some flux 
and solder and reflow all the pins to 
make sure. Also double-check that 
Q3 is orientated correctly (unfortu- 
nately, the pinout is not rotationally 
symmetric) and make sure you haven’t 
gotten the parts mixed up; Q3 should 
have a (very small) marking of “48” 
on top. You'll need a good light and 
magnifier to see this. 

(Note: reflowing Q3’s solder joints 
fixed the problem.) 


Acceptable quiescent 
current for U-LD Mk.3 


A few years ago, I contacted you 
about high quiescent current issues 
in my Ultra-LD Mk.2 amplifier. A few 
blown output transistors later you 
published an upgrade, the Mk.3. I ea- 
gerly did this to all eight Mk.2 mod- 
ules I had! 

My question concerns the ideal qui- 
escent current setting, initially set to 
9.5V across the safety resistors, then 
run for an hour or so with fuses in 
place and playing input source music. 
You mention to back off the setting to 
no more than about 15mV. Is this with 
no input at the time of adjustment? 
What would you consider to be the 
ideal setting? Is 6.7mV OK or is that 
too low? It sounds good to me at this 
setting, with no obvious distortion. 

After having modified so many mod- 
ules I also notice there is considerable 
variance in the stability of the quiec- 
sent current. Some tend to "hunt" 
around the setting more than others. 
Some are quite stable. If you have any 
suggestions as to a cure, that would be 
appreciated. (A. P., Sunshine, Vic.) 
€ Quiescent current should be meas- 
ured with no input signal. When sig- 
nal is present, the reading may be ar- 
tificially high. 

The ideal quiescent current is any- 
where in the range of 7-10mV. 6.7mV 
is close enough and should be fine. The 
main thing to check is that the quies- 
cent current doesn't increase too much 
over time as the amplifier heats up. 

You are right that the Mk.3 design 
doesn't completely solve the thermal 
stability issue but it does work in the 
majority of cases. It depends upon 
how well all the various transistors 
are matched to each other. 

Hunting is not a huge problem as 
long as it doesn't go too low or too 
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Vintage) radio capacitor confusion 


I like reading the Vintage Radio 
section of SILICON CHIP and the one in 
the July issue was great but I have one 
question. It is in regard to the two 1uF 
filter capacitors in the Grebe set. The 
circuit diagram on page 93 shows the 
two capacitors, one across the 90V 
B+ rail and the other across the C+ 
rail. This means that between the 
two capacitors there are three con- 
nections: ground, B+ rail and C+ rail. 

However, on page 95, the pho- 
to and description shows the two 
capacitors wired in parallel. How 
can this be? Even if one of the in- 
ternal metal strips is connected to 
the metal of the box case holding 
the capacitors, that only leaves one 
terminal on the box case to go to the 
two other rails. 


high. Anything below say 3-4mV could 
compromise performance. Anything 
above about 15mV could indicate the 
possibility of thermal runaway and ul- 
timately, output transistor destruction. 

If it stays within the range of 5-15mV 
(with signal removed, after running for 
some time), we would consider that 
acceptable. Even if it goes outside this 
range briefly, it’s probably OK but we’d 
immediately reduce the bias if it ever 
goes above 20mV. 

We usually find the Mk.3 modules 
are either very stable (as our prototypes 
were) or their quiescent current may 
vary a bit but won’t “run away” as long 
as the bias isn’t turned up too high. If 
you're very unlucky you may build an 
amplifier that you can't stabilise, in 
which case we would try changing the 
BD139 transistor for one from a differ- 
ent batch. If that doesn't work, it may 
simply be that the output transistors 
are too mis-matched to stabilise and 
at least one will need to be swapped. 


Cyclic Pump Timer 
regulator query 


I am putting together the bits and 
pieces for the Cyclic Pump Timer pro- 
ject from the September 2016 issue. I 
note you require an LM2936-5.0 ultra- 
low quiescent current 5V regulator to 
provide Vpp for the microprocessor. 
The best match I can find is Jaycar 
ZV1653, which is an LM2936Z-5. But 
this is rated at only 50mA. Forgive my 


And if there are two of these box 
cases, then the paralleled capaci- 
tors need to be 0.5uF to give a total 
of 1uF. With the arrangement shown 
in the photo, the total capacitance 
will be 2uF, not 1uF as required by 
the circuit. I hope you can clear up 
this mystery. (B. C., Macquarie Park, 
NSW.) 
€ The section in the article where 
it says "these two capacitors were 
enclosed in a single case" is incor- 
rect. Earlier in the same paragraph, 
it states that there are "two box- 
shaped ... filter capacitors" in the 
set. It seems that each of these box- 
es contains two 0.5uF (or 0.47uF) 
capacitors in parallel. 

The caption to the photo is also 
misleading. 


ignorance, but will this be sufficient 
current? (M. C., Lady Barron, Tas.) 

€ Yesthe50mA rating for the LM2936 
regulator specified for the Cyclic Pump 
Timer is more than adequate. We ex- 
pect the current drawn from the regu- 
lator to be well under 20mA (140mW 
power dissipation) when powering 
all items such as Q1, LED1 and LED2 
and IC1. The relay itself draws power 
from the 12V supply and not from the 
LM2936 5V regulator. 


A Brownout Protector 
for the whole house 


The Brownout Protector in the June 
2016 issue of SILICON CHIP is a useful 
circuit for protecting induction motors 
but you need one Protector for each 
appliance. As an alternative to build- 
ing multiple units, why not wire just 
one Protector into the switchboard of 
a dwelling to protect many circuits 
rather than a single appliance? 

Of course, the wiring, circuit break- 
er and contactor would have to be in- 
stalled by a licensed electrician but 
the cost of installation should be less 
than building multiple units. If you are 
a licensed electrician, the installation 
will be much cheaper. 

Installing the unit this way has ad- 
vantages and disadvantages. The ad- 
vantages are that only one Brownout 
Protector is required to protect all mo- 
tors in the dwelling. 

The unit will also protect other 
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Current-limited/powersupply/questions 


I want to buy a power supply. 
What is the advantage of a power 
supply with an adjustable current 
limit? Secondly, I have been look- 
ing at the PICAXE-based Bipolar 
Transistor Tester you published 
in your September 2016 Circuit 
Notebook section. What do I need 
to get the PICAXE chip up and 
running? 

Also, I see that I will need circuit 
board design software to develop a 
PCB for that circuit. Can you tell me 
which software is suitable for the 
job? On this subject, do you still sell 
the PICAXE programming book you 
had advertised in your bookshop a 
few years ago? Also, in the Septem- 
ber 2016 issue, you had modifica- 
tions to the PIC programmer. Will 
these these changes allow me to 
use a 15V DC power supply instead 
of the 16V DC power source listed? 
(R. M., Auckland, NZ.) 
€ We'll answer your questions 
separately. 

1) A power supply with an ad- 
justable current limit is safer to use 
since you can set the current limit to 
a value slightly higher than the ex- 
pected current draw ofthe circuit be- 
fore switching on the load. If there's 
a fault in the circuit being powered, 
orin the connection, the voltage and 
current will be limited, giving you 
more time to switch it off before 


appliances from under-voltage such 
as TV sets etc, as their switch mode 
power supplies will generally have to 
work harder to maintain their supply 
rails at a much lower mains voltage. 

The disadvantage is that you would 
have no power points working during 
a brownout and computers will lose 
supply without warning at this time 
and unsaved work may be lost. This 
will not be a problem if you have a 
UPS unit or use a laptop. 

Obviously, a dedicated supply 
would be needed for life support type 
equipment. 

Basically, the Brownout Protector, 
contactor and associated wiring are 
permanently connected in the main 
switchboard and the Protector relay 
controls the coil of a contactor with 
the required number of contacts. 

When the mains supply voltage is 
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damage occurs. It can also be used 
as a basic current source in some 
applications where this is important 
(eg, testing high-power LEDs). 

2) You need a PICAXE program- 
ming cable. These are available from 
Altronics (Cat Z6198) among other 
sources. You also need to install the 
PICAXE Editor on your PC. It can 
be downloaded from: www.picaxe. 
com/Software/ 

3) You could try EAGLE (www. 
cadsoft.de; see review in the 
October 2011 issue) or Circuit Maker 
(http://circuitmaker.com/). They are 
both free of charge, at least initially. 

4) Sorry, we no longer sell books 
as demand dropped off considerably 
in the last few years. You can get 
that book at www.thenile.com.au/ 
books/david-lincoln/programming- 
and-customizing-the-picaxe- 
microcontroller/9780071745543 

5) You could get away with a 15V 
DC supply but only when the pro- 
gramming voltage is set to 11V (S2 
closed). Note though that a 15V DC 
supply may deliver more than 16V 
anway, depending on how good its 
regulation is. You need to measure 
it. Also, you may find that a 15V DC 
supply works fine with the origi- 
nal circuit if you replace D1 with a 
1N5819 or link it out entirely; if you 
link it out, be careful not to wire up 
the supply backwards! 


healthy, the Brownout Protector would 
energise the contactor coil via its relay 
closing the contacts and energising all 
protected circuits. Conversely, if there 
is a brownout condition, the contactor 
will be de-energised, disconnecting all 
protected circuits. (G. C., via email). 
€ Your concept is interesting but the 
Brownout Protector should probably 
only be used on specific circuits which 
power, say, the kitchen, laundry, air- 
con and pool pump. 

As you point out, if a brownout oc- 
curs, you will lose all power on the 
protected circuits which could be a 
nuisance if you are using appliances 
like PCs or TVs which have switch- 
mode power supplies which can eas- 
ily operate down to below 100VAC. 

Whether they are working “harder” 
under these conditions is a moot point 
since so many appliances are designed 


to run at 110V and 230V in any case. 
They may, in fact, have higher stresses 
at 230V than at 110V. 

The specific appliances which need 
protection are those which have induc- 
tion motors and these would include 
fridges, freezers, washing machines, 
dishwashers, air-conditioners and pool 
and spa pumps. However, many air- 
conditioners these days are inverter- 
powered and many washing machines 
have direct-drive brushless motors and 
you would assume that they have their 
own inbuilt under-voltage protection. 
Indeed, they may well continue to op- 
erate at fairly low mains voltages. In 
that case, why turn them off? 

So we would prefer to see the con- 
cept used more selectively to only 
protect circuits which definitely have 
induction motor-powered appliances. 
Moreover, the cost of an electrician and 
electrical parts may be substantially 
more than the cost of several Brown- 
out Protectors. In fact, the electrician 
may well refuse to do such an instal- 
lation since the Brownout Protector is 
not an approved device. 


Car AM radio reception 
is going downhill 

The last two cars I have owned have 
had very poor AM radio reception (Re- 
nault Scenic and Kia Cerato). I have 
been driving since 1965 and used to 
be able to get good AM reception up to 
200km from most AM stations. 

Last week I was driving from Cooma 
to Canberra and wanted to listen to Ra- 
dio National from Canberra on 846kHz. 
The reception was dreadful until I got 
within about 30km of Canberra. That 
station has a power of 10,000 watts and 
I believe is meant to serve a large area 
of the ACT and southern NSW. 

I noticed that the antennas on these 
cars are really short at about 10cm; the 
old telescopic antennas extended to 1m 
or more. Is this the reason for the poor 
reception? Or are the receivers poorly 
designed? FM reception is better but 
is of course restricted to line of sight. 

Is it possible to buy longer anten- 
nas to retrofit to modern vehicles? 
(T. G., via email.) 
€ We are not familiar with the radio 
reception in late model cars, even 
though the more up-market cars make 
a feature of large and powerful speaker 
systems. However, it seems as though 
AM radio reception is not a high pri- 
ority and even CD players are being 
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(remove with damp cloth) 


e Available flat or folded 


SILICON CHIP READY RECKONER 


How good are you at remembering formulas? If you don’t In fact, it’s so useful we decided our readers would love to 
use them every day, you’re going to forget them! get one, so we printed a small quantity — just for you! 
Things like inductive and capacitive reactance? Series and And here it is: printed a whopping A2 size (that’s 420mm 


parallel L/C frequencies? High and low-pass filter frequencies? wide and 594mm deep) on beautifully white photographic 


This incredibly useful reactance, inductance, capacitance paper; ready to hang in your laboratory ox workshop: 


and frequency ready reckoner chart means you don’t have If you don't find it as useful as we do, we'll be amazed! In 
to remember those formulas - simply project along the fact, we'll even give you a money-back guarantee if you don't!* 
appropriate line until you come to the value required, then 


d off th h "E Order yours today - while stocks last. Your choice of: 
read o e answer on the next axis! 


Supplied fold-free (mailed in a protective mailing tube); 
Here at SILICON CHIP, we find this the most incredibly useful or folded to A4 size and sent in the normal post. 
chart ever - we use it all the time when designing or checking 


aa But hurry - you won't believe you have done without it! 
circuits. 


#Must be returned post paid in original (ie, unmarked) condition. 


Read the feature in January 2016 SiLicoN CuiP (or view online) to see just how useful this chart will be in your workshop or lab! 
NOW AVAILABLE, DIRECT FROM www.siliconchip.com.au/shop: 


Flat — (rolled) $2099cG Folded — $4290999eca *READERS OUTSIDE AUSTRALIA: 


and posted in a and posted in a Email us for a price mailed to your country 
secure mailing tube — inc GST & P&P* heavy A4 envelope inc GST & P&P* (specify flat or folded). 


Spectrum analyser) for/home-theatre system 


I have been a reader for many 
years but it is my impression that 
many SILICON CHIP projects are too 
complicated and have little appeal 
for many readers. Which is why I 
think you should look at a more 
mainstream project to do with home 
theatre systems. 

I am involved in cinemas 
and we use a spectrum analys- 
er from Audiocontrol in the USA 
(www.audiocontrol.com) that we 
imported for several thousand dol- 
lars. Their spectrum analyser is a 
third octave unit with a graphic 
equaliser based on LEDs. SILICON 
CHIP could do a DIY version for a 
fraction of the cost and that would 
have a lot of appeal to many of your 
readers. (D. H., via email). 

@ Thanks for your suggestion about 
a spectrum analyser project. We 
have had a look at the specifications 


omitted these days, in favour of less 
satisfactory MP3 players. 

It may be possible to fit a “proper” 
extendable whip antenna although 
that could turn out to be a difficult task. 


Using the Energy Meter 


with a solar inverter 

Could the Appliance Energy Meter 
project (August-October 2016) be used 
to measure the output ofa solar power 
inverter, with the meter itself powered 
from mains? If technically possible, 
would it be best to have the power 
supply components (ie, varistor, EMI 
filter and AC-DC converter) in a sepa- 
rate box with the 5V output wired to 
the output side ofthe converter on the 
PCB (near CON11)? 

Also, as the meter will measure up 
to 20A, could the 10A extension cord 
specified be changed to 15A? (T. H., 
Banks, ACT.) 
€ The first question is: is it a grid-tied 
inverter? If it is, then it is not possible 
to isolate its output from the 230VAC 
grid and therefore the Energy Meter 
cannot work in this situation. In any 
case, as far as we know, all grid-tied in- 
verters have some sort of panel which 
displays their output although it is not 
accessible for logging purposes. 

If it is not a grid-tied inverter then 
yes, it would be possible to modify 
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of the Audio Control SA-3052 and 
agree that it is a very impressive 
instrument. However we would not 
contemplate designing such a com- 
plex instrument, as it would be too 
expensive and complicated for most 
of our readers. 

But there is a much cheaper ap- 
proach. As much as you might think 
that a PC-based instrument might be 
too slow to do the same job, have a 
look at our article on the TrueRTA 
Real Time Spectrum Analyser, in 
the October 2011 issue — see www. 
siliconchip.com.au/Issue/2011/ 
October/Measuring+Audio+Gear 


+Without+Spending+Big+Dollars 
This set-up is capable of very good 


results and the equal of spectrum 
analysers costing thousands of dol- 
lars, although you do need a reason- 
ably fast laptop to run the software. 

This PC package can be used with 


the PCB to separate the AC power to 
run the Energy Meter from the power 
source being measured, as you have 
suggested. And the power cord and 
plug could be upgraded to 15A if you 
have a 15A circuit. 


MPPT Solar Charger 


with small panels 

Hi, can the MPPT Solar Charger pro- 
ject published in the February 2011 
issue be used with 5W or 10W solar 
panels? (N. S., Bongaree, Qld.) 
€ The article states the supported 
panel size is 40-120W for 12V pan- 
els and 80-240W for 24V panels. We 
once tried this unit with a small solar 
panel (around 5W) and it didn’t work; 
it wouldn’t stay in bulk charge mode, 
even with a flat battery, presumably 
because the panel was too small. 

Our Solar-Powered Lighting System 
project from the May and June 2010 is- 
sues works with a 12V 5W solar panel, 
provides an MPPT 3-stage charging 
function for a 12V battery and could 
be used as a standalone charger. We 
don't know if it would work with a 
10W panel; the charging current may 
be too high. 

Altronics used to sell a kit for that 
project (K6028) but it has now been 
discontinued. As such, while we don't 
currently have PCBs for this project in 


our USB Stereo Recording & Play- 
back Interface from the June 2011 is- 
sue — see www.siliconchip.com.au/ 
Issue/2011/June/USB+Stereo+Reco 


rding+%2526+Playback+Interface 
We can supply the PCB for this pro- 


ject from our on-line shop at www. 
siliconchip.com.au/Shop/8/770 
Naturally it will require calibrated 
microphones. If you wanted to use 
condenser microphones with phan- 
tom power, we published an add-on 
circuit in the September 2011 is- 
sue. See www.siliconchip.com.au/ 
Issue/2011/September/Phantom+ 


Power+For+The+USB+Recording 
+Interface 


Before we conclude, we had anoth- 
er article which could be of interest 
and it was directed at making preci- 
sion measurements on loudspeak- 
ers, in the December 2011 issue — see 


www.siliconchip.com.au/Issue/2011/ 
December/How+To+Do+Your+Own 


+Loudspeaker+Measurements 


stock, we will be adding them in the 
near future. 


Solar Alarm going off 


prematurely 

Hi, I purchased a KC5494 kit from 
Jaycar to build the Solar Shed Alarm 
from your March 2010 edition. I have 
assembled it but the problem is that it 
goes off immediately after the exit de- 
lay. The kit has three jumpers on the 
board. I can’t see the correctly posi- 
tions from photos in the instructions 
Jaycar provided. Could you please ad- 
vise the correct jumper positions and 
any other hints or suggestions so that 
I can get it working. (M. T., via email.) 
€ The alarm should not sound after 
the exit time has expired unless one of 
the alarm sensors is triggered when the 
timer expires. The jumpers on Link 1 
to Link 3 select instant or delayed en- 
try and do not affect the exit operation. 

Check that pin 2 ofIC2 is at 11.4V af- 
terthe exit period. This input shouldn't 
go to OV unless a sensor is triggered. 


Beefier Ultrasonic 


Cleaner wanted 


I want to build the Ultrasonic Clean- 
er, described in your August 2010 is- 
sue but I'm unsure about a few things. 
I need a six litre bath. Your design is 
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MARKET CENTRE 


Cash in your surplus gear. Advertise it here in SILICON CHIP 


FOR SALE 


PCB MANUFACTURE: single to multi- 
layer. Bare board tested. One-offs to 
any quantity. 48 hour service. Artwork 
design. Excellent prices. Check out our 
specials: www.ldelectronics.com.au 


LEDs, BRAND NAME and generic 
LEDs. Heatsinks, fans, LED drivers, 
power supplies, LED ribbon, kits, 
components, hardware, EL wire. www. 
ledsales.com.au 


tronixlabs.com - Australia's best value 
for hobbyist and enthusiast electronics 
from adafruit, DFRobot, Freetronics, 
Raspberry Pi, Genuino and more, with 
same-day shipping. 


PCBs & Micros: SILICON CHIP Publica- 
tions can supply PCBs, programmed 
microcontrollers and other specialised 
parts for all recent projects. See our On- 


line Shop at www.siliconchip.com.au 


PCBs MADE, ONE OR MANY. Any 
format, hobbyists welcome. Sesame 
Electronics Phone 0434 781 191. 
sesame Q sesame.com.au 
WWW.Sesame.com.au 


KEEP YOUR COPIES OF 


SILICON CHIP 


AS GOOD AS THE DAY 
THEY WERE BORN! 


A superb-looking 
SILICON CHIP 
binder will keep 
your magazines in 
pristine condition. 
* Holds up to 14 issues 


* Heavy duty vinyl 
* Easy wire inserts 


ORDER NOW AT 
www.siliconchip.com.au/shop 


KIT ASSEMBLY & REPAIR 


KEITH RIPPON KIT ASSEMBLY & 
REPAIR: 

* Australia & New Zealand; 

* Small production runs. 

Phone Keith 0409 662 794. 
keith.rippon 9 gmail.com 


VINTAGE RADIO REPAIRS: electri- 
cal mechanical fitter with 36 years ex- 
perience and extensive knowledge of 
valve and transistor radios. Professional 
and reliable repairs. All workmanship 


Where possible, the SiLicoN CHiP On-Line 
Shop stocks hard-to-get project parts, 
along with PCBs, programmed micros, 
panels and all the other bits and pieces 

to enable you to complete your 
SILICON CHIP project. 


SILICON CHIP 
On-Line SHOP 


www.siliconchip.com.au/shop 


guaranteed. $10 inspection fee plus 
charges for parts and labour as required. 
Labour fees $35 p/h. Pensioner dis- 
counts available on application. Contact 
Alan on 0425 122 415 or email bigal 
radioshack@ gmail.com 


DAVE THOMPSON (the Serviceman 
from SILICON CHIP) is available to help 
you with kit assembly, project trouble- 
shooting, general electronics and cus- 
tom design work. No job too small. Based 
in Christchurch, NZ but service avail- 
able Australia/NZ wide. Email dave@ 
davethompson.co.nz 
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i ADVERTISING IN MARKET CENTRE i 


| Classified Ad Rates: $32.00 for up to 20 words plus 95 cents for each additional word. Display ads in Market Centre J 
(minimum 2cm deep, maximum 10cm deep): $82.50 per column centimetre per insertion. All prices include GST. 

I Closing date: 5 weeks prior to month of sale. To book, email the text to silicon 9 siliconchip.com.au and include your I 
name, address & credit card details, or phone Glyn (02) 9939 3295 or 0431 792 293. 
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Ask SILICON CHIP 


. . . Continued from page 102 


only good for 35W and around one 
litre of fluid. I'm looking for more or 
less 200W of transducer power. I'm 
going to clean mostly automotive (and 
motorcycle) parts, varying from really 
fragile injectors to the housing of an 
alternator which can take more power. 

Is there a way to modify the PCB 
to drive at least a 50W transducer? I 


siliconchip.com.au 


was planning to use a large heatsink 
on the Mosfets and perhaps install a 
cooling fan. If 100W is achievable, I 
could build two PCBs to drive four 
50W transducers. 

I also see the transformer has to be 
wound yourself. I would like to buy a 
complete suitable transformer because 
winding is a bit out of my league still. 
Which transformer can I use? The last 
question: would be if it is possible to 
regulate the power output so I can also 
clean more fragile components? I hope 


you can give me some advice. (S. L., 
Almere, Netherlands.) 
€ The Ultrasonic Cleaner does al- 
ready drive a 50W transducer. If you 
want 200W then you would need four 
50W transducers and four separate 
Ultrasonic cleaners. The design does 
have two settings. The higher power 
setting does run the Mosfets and trans- 
former hotter. 
The transformer can be obtained 
prewound if you use the transformer 
... continued on page 104 
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Notes & Errata 


4-Input Automotive Fault Detector, 
September 2016: the 3-way screw 
terminal blocks that make up CON1 
have 5mm pin spacing, not 6mm as 
stated in the parts list. 


Circuit Notebook, dsPIC/PIC 
programmer improvements, Sep- 
tember 2016: The modification 
made to the circuit does not fully 
protect Q1 from excessive negative 
input signals. The circuit has been 
changed to include a 1N4148 diode 
(D2) in inverse parallel between the 
junction of Q1’s base and the 1.5kQ 
resistor. 


Vintage Radio, September 2016: 
In Fig.3 bypass capacitor #22 was 
incorrectly labelled in the diagram 
as #23, and a 22Q resistor (#48) was 
omitted between the junction of re- 
sistors #51 and #52. 


Appliance Energy Meter, August- 
October 2016: it has been brought to 
our attention that the ACS712 isolat- 
ed current monitor IC does not have 
a sufficiently high “Reinforced Iso- 
lation Voltage” rating to meet Aus- 
tralian/New Zealand safety stand- 
ards for double-insulated equipment 
(AS/NZS 60950.1.2011), which this 
device effectively is. 


Ask SILICON CHIP 


. .. continued from page 103 


that is supplied with the Jaycar kit for 
the Ultrasonic antifouling for boats 
(kit KC5498). The transformer and 
windings are the same for these two 
projects. Contact kits@jaycar.com. 
au regarding obtaining the prewound 
transformer. SC 


The solution isto replace it with an 
ACS718KMATR-20B-T IC which 
has a different package and pinout 
but provides the same function. All 
constructors who have already re- 
ceived PCBs for this project will 
be sent an adaptor board, ACS718 
IC and instructions describing 
how to fit the substitute device. 
Others who have ordered the PCB 
will either receive the original 
PCB plus the adaptor and IC or, 
eventually, a revised PCB with a foot- 
print to suit the ACS718. 


Compact 8-digit Auto-Ranging Fre- 
quency Meter, August 2016: the firm- 
ware (0410516A.HEX) fails to initial- 
ise certain types of LCDs. The revised 
version, 0410516B.HEX, solves this. 
It can be download from the SILICON 
CHIP website. 


5-Element DAB+ Antenna, Novem- 
ber 2015: the dimensions/drilling 
details shown in Fig.1 for the lower 
dipole elements have been slight- 
ly modified. The revised diagram 
is shown in the article on the SILI- 
CON CHIP website. In addition, the 
1.25-metre x 19mm square tubing 
for the boom should have a speci- 
fied wall thickness of 1.2mm (not 
1.8mm as shown in the parts list). 
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Nextilssue 
The December 2016 issue is due 
on sale in newsagents by Thursday 
24th November. Expect postal de- 
livery of subscription copies in Aus- 
tralia between the 24th of November 
and the 9th of December. 


WARNING! 
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SILICON CHIP magazine regularly describes projects which employ a mains power supply or produce high voltage: All such 
projects should be considered dangerous or even lethal if not used safely. 
Readers are warned that high voltage wiring should be carried out according to the instructions in the articles. When work- 
ing on these projects use extreme care to ensure that you do not accidentally come into contact with mains AC voltages or 
high voltage DC. If you are not confident about working with projects employing mains voltages or other high voltages, you’ 


are advised not to attempt work on them. Silicon Chip Publications Pty Ltd disclaims any liability for damages should anyone 
be killed or injured while working on a project or circuit described in any issue of SILICON CHIP magazine. 
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Value Test Instruments” 


RIGOL DS-1000E Series 


> 50MHz & 100MHz, 2 Ch 
> 1GS/s Real Time Sampling 
> USB Device, USB Host & PictBridge 


FROM s469 ex GST 
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NEW RIGOL DS-1000Z Series 


> 50MHz, 70MHz & 100MHz, 4 Ch 
> 1GS/s Real Time Sampling 
> 12Mpts Standard Memory Depth 
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> 70MHz, 100MHz & 200MHz, 2 Ch 
> 2GS/s Real Time Sampling 
> 14Mpts Standard Memory Depth 
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Function/Arbitrary Function Gene 
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RIGOL DG-1022 


> 20MHz Maximum Output Frequency 
> 2 Output Channels 
> USB Device & USB Host 


ONLY 5539 ex GST 


RIGOL DSA-800 Series 


> 9kHz to 1.5GHz, 3.2GHz & 7.5GHz 
>» RBW settable down to 10 Hz 
> Optional Tracking Generator 


- ms], 869 ex GST 


Sydney Melbourne 
Tel 02 9519 3933 Tel 03 9889 0427 
Fax 02 9550 1378 Fax 03 9889 0715 


email testinst@emona.com.au 


Brisbane Adelaide 
Tel 07 33927170 Tel 08 8363 5733 
Fax 07 3848 9046 Fax 08 83635799 


NEW RIGOL DG-1000Z Series 


> 30MHz & 60MHz 
> 2 Output Channels 
> 160 In-Built Waveforms 


FROM s971 ex GST 
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RIGOL DG-4000 Series 


> 60MHz, 100MHz & 160MHz 
> 2 Output Channels 
> Large 7 inch Display 
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RIGOL DP-832 


> Triple Output 30V/3A & 5V/3A 
> Large 3.5 inch TFT Display 
> USB Device, USB Host, LAN & RS232 


wA. 


mus] 918 «cs: 


ago 


[Oj31910/o) 2} 
^ QOD Gob 


RIGOL DM-3058E 


» 5 1/2 Digit 
> 9 Functions 
> USB & RS232 


und 5673 ex GST 


Buy on-line at www.emorna. com. au/rigol 


Perth 


Tel 08 9361 4200 EMON 
Fax 08 9361 4300 


web www.emona.com.au 
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OBJECT TRACKING 


wwwW.Irace.ME 
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